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ABSTRACT






Adam J. Jaglowski 
University of New Hampshire, September 1989
The synthesis, characterization and ring-chain 
tautomerism studies of substituted 2- (2-hydroxyethoxy)- 
benzaldehydes and 2-(5-hydroxy-3-oxa-pentyloxy)-benzalde­
hydes are described. The benzaldehydes, substituted in the
3-, 5- or 3,5-positions with either nitro, bromo, chloro, 
iodo, phenyl or methyl groups, were studied by proton and 
carbon-13 Nuclear Magnetic Resonance spectroscopy as a 
means of determining their potential to exist as ring-chain 
tautomeric mixtures. The 2-(5-hydroxy-3-oxa-pentyloxy)- 
benzaldehydes and 5-substituted 2-(2-hydroxyethoxy)- 
benzaldehydes exist solely as the chain tautomers in 
solution, while 3- and 3,5-substituted 2-(2-hydroxyethoxy)- 
benzaldehydes are mixtures of ring and chain tautomers in 
solution. A correlation of K with substituents indicates
xv
that the size of the aromatic substituent in the 3-position 
is the key factor in affecting the equilibrium.
xv i
HISTORICAL INTRODUCTION
Although ring-chain tautomerism (R/CT) of five- and 
six-membered systems has been thoroughly studied,1 '2 there 
seems to have been little interest in studying ring-chain 
tautomerism of seven- and larger-membered systems. This 
survey, though not purported to be exhaustive, will serve 
to review seven- and larger-membered systems, which can 
exhibit ring-chain tautomerism because of the functional­
ity inherent within the structures.
All of the ring-chain tautomeric systems which will be 
discussed herein can be classified into one of two general 
addition reactions which the chain tautomer[C] undergoes, 
as defined by Baldwin's nomenclature for ring closures:2 an 
endo-trig process (equation 1) or an exo-trig process 
(equation 2 ).
The structural requirement for both these addition reactions 
with regard to the chain isomers is that the chain isomers 






which is trigonal for all the systems herein, and an adding 
functional unit (Z), which is always bound to a hydrogen.
As illustrated in equations 1 and 2, [C] represents the 
chain tautomer and [R] represents the corresponding ring 
tautomer. These designations will be used throughout this 
thesis to represent chain and ring tautomers, respectively.
The first group of ring-chain tautomers to be discussed 
includes ones which can undergo an endo-trig ring closure 
where Y=N and Z=N (see equation 1); that is the 
corresponding chain tautomers are amino hydrazones.
In 1983, Lobanov and coworkers studied the ring-chain 
tautomerism of two 3-aminoalkyl-N-alkyl hydrazones la[C] and 
lb[C], which were obtained by reaction of acetaldehyde or 
formaldehyde with N-3-aminopropyl-N-methylhydrazine.4 1H 
NMR spectra of the products in tetrachloroethylene showed 
only the open eight-membered tautomers and no cyclic 
tautomers la[R] or lb[R], as evident by olefinic hydrogen 





i a [ C ]
b [C ]
2
Hromatka, Knollmuller and Krenmuller reported that when
1 ,2-dimethylanthranilic acid hydrazides (2a,b) are treated 
with formaldehyde, benzaldehyde, acetone or cyclohexanone in 
ethanol, the seven-membered cyclic tautomers, 1,3,4- 
benzotriazepines 3a-d[R] and 4a-d£R] are formed.5 Although 
no IR, -^H NMR or UV spectra were reported on these 
compounds, the authors assigned their structures on the 
basis of color. Noting that azomethines from aromatic 
aldehydes and anthranilic acid are always colored and that 
compounds formed from 2a,b are colorless solids, they 
concluded that the products are benzotriazepines and not the 
corresponding chain azomethines tautomers 3[C] or 4[C].
Other experimental evidence for these cyclic tautomers was 
their behavior in contrast to that of azomethines.
0
2a r = h
b R = Cl R R2 ea
3a[R] H H h
b[R] H H Ph
c[R] H CH» CH>
d[R] H (CH2)s
4 a[RJ Cl H H
b[R] Cl H PI
c[R] Cl CH, CH,
d[R] Cl (CH2)5
3
Hydrogenation and tosylation of these compounds were 
unsuccessful, whereas azomethines are easily hydrogenated, 
and the N,N'-dimethylhydrazide of 2-benzoylamino-benzoic 
acid is N-tosylated. Thus it was concluded that these 
compounds could not be the chain tautomers.
Ring-chain tautomers derived from ortho-amino substitu­
ted aromatic carboxylic acid hydrazides and carbonyl 
compounds were reported,6 and in most instances the same 
seven-membered ring system as discussed above predominates. 
When the N-methylhydrazides of anthranilic acid or 5-amino- 
l-phenyl-4-pyrazole carboxylic acid (5a,b) are allowed to 
react with acetaldehyde, acetone, or cyclohexanone, only the 
corresponding seven-membered cyclic tautomers 6a-c[R] and 
7a-c[R] (see Scheme I) are shown to exist in CDCI3 or DMSO- 
dg by 3H NMR, as indicated by the sp3 C-CH3 resonances (1.2- 
1.4 ppm) which appear upfield to sp2 C-CH3 signals (1.9-2.0 
ppm), and/or in ethanol because of the absence of a jr-*»* 











5a Ar = Ph
b Ar = Pyrazole 
(Pyz) Ar R R*
6 a [ R ]  Ph H CH,
b [R ]  Ph CH, CH,
c [ R ]  Ph (CH2)5
7 a(R] Pyz H CH,
b [ R ] P y z  CH, CH, 
c [R ]  Pyz (CH2),
On the other hand, when 5a,b are combined with benzaldehyde 
only the seven-membered chain hydrazone tautomers 8a[C] and 
8b[C] are shown to exist in CDC13 by -^H NMR (no explanation 
was reported on how this was determined) and in ethanol by 
the presence of the *-nr* band of the chain hydrazones in the 
UV spectra. The authors rationalized this observation as a 
result of conjugation between the C=N and the phenyl group, 
which contributes to a stabilization of the chain tautomer 
(or a destablization of the ring tautomer).
O
8 a [C ]  Ar = Ph
b [C ]  Ar = P y z
5
An interesting ring-chain equilibrium mixture of 9a[R] 
and 9a[C] (see Figure 1), resulting from the reaction of 5a 
with acetophenone was observed in CDCI3 by NMR. The 
ratio of 9a[C] to 9a[R], presumably obtained from the 
integrations of the methyl resonances of each tautomer, is 
1:1. Gal and coworkers observed that the ratio of 9a[C] to 
9a[R] increases with time after dissolution of sample in 
CDCI3 and therefore concluded that 9a[R] predominates in the 
solid state. The authors stated that 9a is a ring-chain 









Figure 1. Ring-chain tautomerism of ortho-aminobenzoyl-N- 
methylhydrazone of acetophenone.
Even more interesting, when the aromatic nucleus of the 
original amino hydrazide is the pyrazole ring, only the 
seven-membered chain hydrazone tautomer 9b[C], resulting 
from the reaction of 5b with acetophenone, is observed. This 
was based on the NMR in DMS0-d6, presumably because the 
methyl signal is in the region of sp2 C-CH3, and on the UV
6
in ethanol by the presence of the band. No
explanation was offered for the different ring-chain 
tautomeric behavior for this hydrazone versus the one with 
the phenyl moiety; but clearly the pyrazole ring is the 
cause of this behavior.
0
9 b [C ]
When 5-amino-l-phenyl-4-pyrazolecarboxylic acid 
hydrazide is allowed to react with acetaldehyde, acetone, 
cyclohexanone, benzaldehyde, or acetophenone, only the chain 
hydrazone tautomers are observed by -^H NMR and UV, the 
spectral criteria being similar to those already mentioned. 
This observation suggests that the N-methyl substituent in 
7a-c is enhancing cyclization to the ring tautomer.
The second group of ring-chain tautomers to be 
discussed comprises ones which can undergo an exo-trig ring 
closure where Y=0 and Z=N (see equation 2); that is, the 
corresponding chain tautomers are amino carbonyl compounds.
In 1962, Bell and Childress reported the first 
preparation of the therapeutic drug oxazepam, to which they 
assigned the structure 7-chloro-3-hydroxy-5-phenyl-l,3- 





They reported only the IR spectrum of oxazepam in an 
unspecified matrix and indicated that it has two IR carbonyl 
absorptions at 1712 and 1692 cmrl. The authors made no 
attempt to explain this result nor relate it to their 
assignment of the oxazepam as a ring tautomer, which only 
has one carbonyl group. The seven-membered ring tautomer was 
deduced because it could be converted to 3,7-dichloro-5- 
phenyl-l,3-dihydro-2H-l,4-benzodiazepine-2-one with thionyl 
chloride. This chemical transformation does not confirm the 
structural assignment of 10[R]. However, Kovac and 
coworkers have observed that oxazepam exists in DMSO-dg as 
the ring tautomer and not the seven-membered chain tautomer 
10[C], a conclusion based on the !h NMR spectrum which 
contains a methinyl proton signal.8
When oxazepam is treated with mineral acid8 or acetic 
acid,10 a rearrangement to 6-chloro-4-phenyl-quinazoline-2- 
carboxaldehyde is observed (see Scheme II). This 
rearrangement is thought to proceed by tautomerization to 
the chain form 10[C] which in turn could be transformed to a
8
six-membered ring tautomer, an intermediate which on 
dehydration would give the quinazoline.
Scheme IX













IR analysis of the crystalline benzodiazepine in a 
chloroform solution shows only OH and NH stretchings (3550 
and 3440 cm"1, respectively) and presumably no carbonyl
9
absorption, indicating that only the ring tautomeric 
structure 1 1 [R] is present.
In 1965, anthramycin, an antitumor antibiotic, was 
isolated and characterized from Streptomvces refuineus. 11 
It was assigned the benzodiazepine structure 12[R].12
OH OH
NHR
1 2 [R| R= H 
1 3 [R] R ■ CH,
The seven-membered cyclic tautomeric structure of 
anthramycin was deduced because its IR spectrum in the solid 
state in KBr matrix showed no aldehyde carbonyl. No NMR 
information was reported on anthramycin. The N-methyl 
analog of 12[R], another antitumor antibiotic called 
mazethramycin 13[R], was similarly assigned the cyclic 
tautomer structure from its IR spectrum in KBr matrix.13
Zimmer and Amer reported that when 1-hydrazino- 
phthalazine is treated with phthalaldehydic acid in water, a 




1 4 [ R ] 1 4 [ C ]
The authors concluded that the eight-membered ring tautomer 
14[R] is the predominant isomer in the solid state because 
of a weak aldehyde carbonyl at 1710 cm-1 and two bands at.. 
3400 and 3060 cm-1 for OH and NH in the IR spectrum. They 
also concluded from observed fragmentations in the mass 
spectrum that a ring-chain tautomeric mixture is present and 
that 14[R] predominates. However, the 1H NMR spectrum of 
this mixture in DMSO-dg fits only the chain tautomer 14[C], 
as indicated by the presence of an aldehydic proton at 9.1 
ppm and the absence of a methine proton in the 5-6 ppm 
region.
Ring-chain tautomers in a third group to be presented 
are ones which can undergo exo-trig ring closure where Y=0 
and Z=S (see equation 2). These are compounds whose chain 
tautomers are thiocarbonyl compounds.
Pant and coworkers observed that when p-bromobenzoyl- 
acetone is combined with 5-substituted-2-aminobenzenethiols, 
the resulting products are the ring tautomeric 2-hydroxy- 
1, 5-benzo-thiazepines 15[R] (see Scheme III).15 The
11
authors do not offer an explanation for the formation of the 
benzothiazepines, but it can be presumed that the seven- 
membered chain tautomer 15[C], an enamine, is first formed 
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1 5 [ R ]
Although the spectroscopic information for only one compound 
in the series was published, it is presumed that all the 
other products showed similar behavior. The IR spectrum of 
15 [R], where X=H, in a KBr matrix showed OH and NH 
stretchings (3275 and 3450 cm-1, respectively) . Its -*-H NMR 
spectrum in TFA was offered as evidence for the ring 
tautomer, but details of the NMR spectrum were not 
specified.
The fourth group of ring-chain tautomers, and the most 
studied group, to be discussed is made up of ones which can
12
undergo an exo-trig ring closure where ¥=0 and Z=0 (see 
equation 2).
The first subgroup is one in which the Z=0 is the 
oxygen of a carboxylic acid group and the compounds are 
therefore acyl carboxylic acids. Ring-chain tautomerism of 
five and six-membered acyl carboxylic acids has been 
thoroughly studied.16 In examining the chemistry of 2-acyl- 
2'-biphenyl carboxylic acids, Christiaens and Renson 
reported that the carboxylic acids exist as the seven- 
membered chain tautomers 16[C] and do not favor cyclization 
to the lactols, the corresponding ring tautomers 16[R].17 
They based their conclusions on conversions of these organic 
acids to acyclic acid derivatives and not on spectroscopic 
data. These chemical tranformations do not confirm that 




1 6 [0] t 6[R]
R = H, CH„ Ph, Mes
Bowden and Last observed that the 1H NMR spectrum of 5- 
formyl-4-phenanthroic acid (17[C]) in CCI4 resembles that of
13
the pseudo methyl ester of the acid without the methoxy 
methyl resonance, and therefore they concluded that .the acid 
does not exist as 17[C] but as the seven-membered ring 
tautomer 17[R] in solution.18
The IR spectrum of 5-formyl-4-phenanthroic acid in dioxane 
also indicates that the acid exists as 17[R], presumably 
because of the presence of only a broad lactol carbonyl (no 
stretching frequency reported) and the absence of a second 
sharp aldehyde carbonyl. The lack of spectral data for the 
series of acids 16 precludes any direct comparison between 
16 and 17.
The second subgroup is one in which the Z=0 is the 
oxygen of a hydroxy group, the case for hydroxy carbonyl 
compounds.
Cottier and Descotes reported that u-hydroxy ketones 
18[C] (chain size 8-10, 14, 16) in unspecified solutions by 
unspecified spectroscopic methods (presumably by IR and/or 
NMR) exist solely as the chain tautomers.18
,hHQ H




HO— (CHj)n— C— CHj
1 8  [ C ]
n -  6-10, 12, 14
Ring-chain 'tautomerism studies of u-hydroxy aldehydes 
19[C] have shown that these aldehydes exist as a ring-chain 
equilibrium mixture in toluene by -^ H NMR19 and in 75% 
aqueous dioxane by UV.20 Table 1 contains a summary of the 
results expressed as the percentage of open chain aldehyde.
HO— (CH*)n —  
1 9  [ C ]  
4< n < 14
J - H
15
Table 1. Percentages of Open Aldehyde in the Ring-chain 
Equilibrium Mixture of w-Hydroxyalkanals (19[C])
Ring % Open Aldehyde % Open Aldehyde
q  Size in Dioxane in Toluene
25 °C 25 °£ 70 °C
5 7 85 89 85
6 8 - - 84
7 9 80 80 70
8 !0 91 91 84
9 11 - - 59
10 12 - - 68
12 14 - - 75
14 16 - — 65
Kirchner and Weidmann observed by -^H NMR in CDCI3 that 
12-hydroxydodecanal (19[C], n=ll) exists as a ring-chain 
tautomeric equilibrium with a ratio of 98% chain tautomer 
and 2% of the thirteen-membered ring tautomer, 2-oxa-l- 
cyclotridecanol (19[R]), a result which presumably was 
determined from relative integrations of the aldehyde proton 
at 9.8 ppm and methinyl proton at 4.6 ppm.21
Investigation of ring-chain tautomerism in 2-(4- 
hydroxy-butyloxy)-cyclohexanone (20a[C]) and 2-(5-
16
hydroxypentyloxy)-cyclohexanone (20b[C]) has shown that they 
exist only as the chain tautomers, as indicated by a strong 
carbonyl band at 1705 cm-1 in the IR spectra and by the 
chemical shift of the protons a to the carbonyl group in the 
■^H NMR spectra in CC14 .22
( C H ,) n -O H
2 0 a [C] n - 4
b[C]  n = 5
Ring-chain tautomerism studies were done on 6-hydroxy- 





2  1 a [ R ]  H 2 1 a [ C ]
b [ R ]  c h , b [ C ]
Because the IR spectra of these aldehydes as neat samples 
show weak absorptions due to the carbonyl group, the authors 
stated that there is a ring-chain equilibrium mixture. UV 
studies in dioxane-water 3/1 (v/v) of 21a[C] and 21b[C] have
17
shown that at zero time there is 36.5% of 21a[C] and 15.5% 
of 21b[C]. But at equilibrium in dioxane/water, the 
percentages of 21a[C] and 21b[C] are 81% and 56%, 
respectively, and therefore in this solvent system the open 
chain tautomers are predominant. Because the relative 
amount of chain tautomer increases as equilibrium is 
reached, the authors concluded that the seven-membered 
cyclohemiacetal tautomers 21a[R] and 21b[R] are prevalent in 
the neat form, which agrees with IR observations.
Suginome and coworkers observed by !h NMR in CDCI3 
that 4-oxa-A-homocholest-5-en-3£, 7a-diol 7-acetate and its 
70-isomer (22[R]) exist as ring-chain tautomeric mixtures 
of 22[R] and 22[C] in solution, where the seven-membered 
ring tautomer is predominant.24 Both the aldehyde (at 9.72 
ppm) and methine (at 5.09-5.15 ppm) protons were observed in 
the NMR spectra, but the composition of the mixture was 
not quantified.
HI—
2 2 [C] 2 2 [ R ]
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However, 4-oxa-A-homocholest-5-en-3£, 7a-diol and its 70- 
isomer (23[R]) exist only as the seven-membered ring
tautomer as determined by NMR in CDCI3 and IR in Nujol.
Because of the lack of aldehyde proton and presence of 
methine proton (5.08-5.23 ppm) absorptions in the NMR 
spectrum and the absence of carbonyl peak in the IR 
spectrum, there was no evidence for any 23[C].
Examination of the 1H NMR spectrum in CDCI3 of 4-oxa-A- 
homocholest-5-en-3-ol (24[R]) has shown that it exists as a 
ring-chain tautomeric mixture of 24[R] and 24[C], with a 
predominance of the former. The chemical shifts of the
aldehyde protons at 9.72 ppm and methine protons at 5.17 ppm
were reported, but the composition of the ring-chain 
equilibrium mixture was not quantified.
H
2 4  [ C ]  F U H 24[R]
Comparison of 22, 23, and 24 with 19 (n=5) suggests 
that incorporation of an sp2 carbon as well as alkyl 
substituents onto the chain enhances ring closure.
19
It was also reported that 4a,4a-dimethyl4-oxa-A- 
homocholest-5-en-3-ol exists only as the ring tautomer 25[R] 
in CDCI3 , as determined by the absence of an aldehyde proton 
and the presence of a methine proton at 4.87 ppm in the 1H 
NMR spectrum and the lack of carbonyl absorption in the 
Nujol IR spectrum.
Fuson and Shachat reported that ozonization of 2-{-y- 
butenyl)- and 2-(6-pentenyl)naphthyl-l-mesitylcarbinol 
leads to the formation of the seven- and eight-membered ring 
tautomers 26a[R] and 26b[R], respectively.25
2 5[R]
H Mes
2 6a[R] n = 2 
b[R] n- 3
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IR spectra of 26a[R] in CHCI3 and 26b[R] in CS2 showed no 
carbonyl absorptions, and therefore these compounds were 
designated as the seven- and eight-membered ring tautomers. 
A very interesting ring-chain tautomeric mixture (see
Figure 2. Ring-chain tautomerism of 7-(hydroxymethyl) 
bicyclo[3.3.1]nonan-3-one.
The -^ H NMR spectrum in CDCI3 fits a ring-chain tautomeric 
equilibrium between 27[C] and 27[R] (0.4:1, respectively), 
which was determined from the relative integrations of the 
protons a to the oxygen atom in 27 [C] and 27[R]. This 
equilibrium mixture is remarkable because the chain tautomer 
27 [C], part of the bicyclo system, is converted upon 
cyclization to the hemiketal 27[R] into a structure 
containing two additional rings. The IR spectrum in CH2C12 
shows a relatively weak carbonyl stretch, consistent with a 
predominance of 27[R].
Figure 2) was reported by Zalikowski and coworkers.26
2 7 [ C ] 2  7 [ R ]
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Nonnant-Chefnay reported that 2-(3-hydroxypropyl)- 
benzaldehyde and the isomeric 3-[2-(hydroxymethyl)-phenyl]- 
propanal exist as chain tautomers 28[C] and 29[C], 
respectively, although no spectral data were reported in 
support of the conclusion.27
OH
2  9 [ C ]
2 8 ( C ]
Dewhurst observed that 2-(w-hydroxyalkoxy)-benzalde- 
hydes (30[C]) exist only as the chain tautomers, as evident 
by the presence of an aldehyde proton in the CDCI3 -^ H NMR 
spectra (9.60- 10.65 ppm) and lack of a methine proton 
signal (5.0-6.0 ppm); by the appearance of characteristic 
bands of o-alkoxybenzaldehydes in the cyclohexane UV 
spectra; and by the presence of a carbonyl band (1680-1690 
cm-1) in the neat IR spectra.28
O
3 0 [C ] n -  2-6, 8-10
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Hullar and Failla reported that in the solid state 3,5- 
dichloro-2-(2-hydroxyethoxy)-benzaldehyde (31[C]) exists as 
the seven-membered ring tautomer 31[R]. This conclusion was 
based on the presence of OH absorption and lack of carbonyl 
absorption in the IR spectrum in a KBr matrix.29 However, a 
ring-chain tautomeric equilibrium was observed by IR in 
tetrahydrofuran as shown by the appearance of carbonyl 
absorption at 1695 cm-1 (see Figure 3). The 1H NMR spectra 
in DMSO-ds at room temperature and 60 ®C also showed a ring- 
chain tautomeric equilibrium to be present. The equilibrium 
was observed to be 2.5:1 ([R] to [C]) at both temperatures 
from relative integrations of methine and aldehyde protons. 
The pronounced effect of these two chlorine substituents on 
the ring-chain equilibrium in 31, as compared to 30[C], can 
be attributed to steric or electronic factors or a 
combination of both.
Figure 3. Ring-chain tautomerism of 3,5-dichloro-2-(2- 
hydroxyethoxy)-benzaldehyde.
O
31 [C] 31[R ]
23
The first ring tautomeric quaternary pyridinium salt of 
a hemiacetal, 1,3,4,5-tetra-hydro-l-hydroxy-pyrido[2,1- 





Examination of this salt by IR in a KBr matrix showed an OH 
band at 3100 cm" 1 and no carbonyl band, and the 1H NMR 
spectrum in DMSO-ds shows a methine proton at 6.5 ppm but no 
downfield aldehyde proton. These spectral characteristics 
indicate that only the ring tautomer 32[R] was present.
Jones and Dewhurst observed by 1H NMR that, upon addition of 
bromohydrin to neat picolinaldehyde, the aldehyde proton 
diminishes and a methine proton appears. They proposed that 
hemiacetalization precedes N-alkylation, the former being 
favored because of the highly electrophilic carbonyl in 
picol inaldehyde. The analogous six-membered pyridinium 
hemiacetal was formed from picolinaldehyde and 2- 
bromoethanol.
All of the ring-chain tautomers discussed in this text 
are summarized in Table 2. The tautomers are listed in the
24
same order as they appear in the text along with their 
ring/chain composition and ring size (or potential ring 
size).
25
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One consideration in designing possible medium or large 
membered ring-chain tautomers is the structure of the 
connecting link which joins the two interacting groups.
There is no clear correlation between ring formation and 
length of connecting link as shown by the work of Hurd and 
Saunders20 and Cottier and Descotes,19 and therefore, one 
theoretical approach to this problem is to force the 
interacting groups into an orientation suitable for reaction 
through structural requirements.31 It is known that 
incorporation of rigid groups like cis double bonds and of 
heteroatoms in place of methylenes into the connecting link 
biases the equilibrium toward the rings.32 From examination 
of the ring-chain tautomers in this survey (refer to Table 
2), it can be seen that incorporation of an aromatic ring, 
which is analogous to a rigid cis double bond, into the 
connecting link in place of- methylenes favors cyclization to 
the ring tautomer; an example is a comparison of 1 and 6 .
In this instance incorporation of an aromatic ring leads to 
exclusive ring tautomer for 6 , as contrasted to exclusive 
chain tautomer for 1 , containing only methylene links. 
Compounds 3, 4, 7, 10-15, 17, which have an aromatic ring 
incorporated into the connecting link, exist only as ring 
tautomers (see Table 2). However, when an aromatic ring is 
substituted for methylenes in 19 (n=7) to afford 28, 
cyclization to the ring tautomer is not favored or even 
observed at all.
39
Examination of ring-chain tautomers in Table 2 suggests 
that cyclization in medium-membered systems is facilitated 
by incorporation of oxygen atoms for methylenes in the 
connecting link. When an oxygen is incorporated for a 
methylene in 19 (n=7) to afford 21a (see Table 2), the chain 
tautomer is still favored at equilibrium (81%), however the 
ring tautomer is slightly enhanced by about 4% compared to 
19 (see Table 1). When an aromatic ring is incorporated 
into 21a to afford 30 (see Table 2), which has both an 
aromatic ring and a heteroatom, this dual incorporation 
seemingly should have an additive effect toward ring 
closure. Interestingly, however, this is not the case, 
since only the chain tautomer is observed.
Substituents in ortho-positions on the aromatic ring 
contained in the connecting link have been shown to favor 
cyclization to the five-membered ring tautomers because of 
steric strain.33 This effect is believed to influence 
cyclization in 2-acetyl- 34 '35 and 2-benzoylbenzoic 
acids3 4 '3 6 *37 as well. This ortho substituent steric effect 
may be a factor in the enhanced ring closure of 31 observed 
by Hullar and Failla (see Table 2)29 compared to the 
unsubstituted compound 30 (n=7), which exists solely as the 
chain tautomer.
Introduction of alkyl groups on the connecting link is 
known to favor cyclization to the ring tautomer because of 
the steric hindrance of these substituents, which force the
40
interacting groups into closer proximity.38 This structural 
modification is another consideration in designing a 
potential ring-chain tautomer system. Substitution of a 
methyl group for hydrogen in 21a affords 21b (see Table 2) 
and favors cyclization by 25% in 21b (44%) over that in 2la 
(19%). When 29 is substituted with a mesityl group to 
afford 26a (see Table 2), the composition changes from all 
chain tautomer in 29 to all ring tautomer in 26a.
When two alkyl groups are introduced on the same carbon 
in the connecting link, this effect is known as the "Thorpe- 
Ingold Effect” or ”gem-dialkyl effect".39-41 The 
equilibrium shifts from ring-chain (ring greater than chain) 
for 24 to all ring tautomer for 25 when a carbon in 24 is 
gem-dimethyl substituted (see Table 2). Therefore even when 
larger-membered systems (i.e. greater than six) are alkyl 
substituted on the connecting link, cyclization to the ring 
tautomer is enhanced.
Electron-withdrawing substituents in ortho- . meta- . and 
para-positions on phenyl groups bonded to the carbonyl or 
imine group are known to enhance cyclization to the ring 
tautomer in five and six-membered systems because of 
electronic effects.42 The enhanced cyclization of 31 (see 
Table 2) may be due to the electronic effect of the two 
chloro substituents rather than a substituent steric effect 
or to a combination of both effects.
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Two general synthetic schemes can be considered in 
designing medium- or large-membered systems for ring-chain 
tautomerism studies. One approach is to direct the 
synthesis toward the chain tautomer by well precedented 
methods, which could then lead to tautomerization to the 
ring tautomer. This approach was used by Panicci to prepare 
9-(4-formylbenzoyl)-nonanoic acid (33).43
3 3
This approach has been used effectively by Hurd and 
Saunders,20 and Fuson and Shachat.25
The second approach is- to design a synthetic route from 
a cyclic precursor which should initially lead to the ring 
tautomer, which could then equilibrate to the chain 
tautomer. This second approach has been used by Kirchner 
and Weidmann.21 They reported that reduction of 12- 
dodecanolide with diisobutylaluminium hydride affords 2-oxa- 
cyclo-tridecan-l-ol, which opens to the chain tautomer (12- 
hydroxy dodecanal). This approach has also been used 
effectively by Normant-Chefnay.27
In light of the apparent lack of information on ring- 
chain tautomerism in seven and larger-membered systems, and
42
of what is known about enhancing cyclization in larger 
membered ring-chain tautomers as discussed above, the goal 
of this project was to synthesize and study potential seven- 
and ten-membered ring-chain tautomeric systems. The seven- 
and ten-membered systems are substituted 2- (2-hydroxy- 
ethoxy) -benzaldehyde (34) and 2-(5-hydroxy-3-oxa- 
pentyloxy)-benzaldehydes (35), respectively, which can 
potentially undergo 7-exo-trig and 10-exo-trig ring closures 
(see equation 2 ).
OH
3 53 4
The benzaldehydes are to be 3-, 5-, and 3,5-substituted.
Two approaches to the synthesis of these benzaldehydes 
are considered. Since substituted salicylaldehydes are 
commercially available or readily synthesized44 and their 
phenolic oxygens are easily alkylated,29 and halohydrins, 2 
bromoethanol and 2- (2-chloroethoxy)ethanol, are available, 
then the first approach to their preparation is by
43
alkylation and is directed toward the open chain tautomer.
A second approach to synthesis of only the seven-membered 
benzaldehyde system is by controlled reduction of the 
lactone 36 which would lead to the cyclohemiacetal 
tautomer,2 1 '45 Substituted lactones can be prepared in a 
few steps from available methyl 2-(2-hydroxyethoxy)-benzoate 
with little difficulty,45 and it is known that aromatic 





All CHN elemental analyses were done on a Perkin-Elmer 
240B-Elemental Analyzer at the University of New Hampshire 
by Ms. Dee Cardin. All halogen elemental analyses were 
performed by Galbraith Laboratories, Inc., Knoxville, 
Tennessee.
Infrared (IR) spectra were recorded on a Perkin-Elmer 
283B grating spectrophotometer and are reported in cm-1.
All liquids and oils were analyzed as neat films between 
NaCl plates, and all solid samples were analyzed in a KBr 
matrix. _
Proton Nuclear Magnetic Resonance (-^ H NMR) spectra were 
obtained from a Varian EM360A operating at 60 MHz, a JEOL 
FX90Q FTNMR operating at 90 MHz, or a Bruker AM360 operating 
at 360 MHz. The spectra recorded on the Varian and JEOL 
spectrometers are reported in parts per million (ppm) 
relative to tetramethylsilane (TMS), the internal standard, 
unless specified otherwise. The spectra recorded on the 
Bruker instrument are reported in ppm relative to the 
solvent chemical shift; 7.24 ppm for chloroform-d (CDC13), 
2.49 ppm for dimethyl sulfoxide-d6 (DMSO-dg), 1.93 ppm for 
acetonitrile-d3 (CD3CN).
Carbon-13 Nuclear Magnetic Resonance (13c NMR) spectra 
were obtained from either a JEOL FX90Q FTNMR operating at
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22.5 MHz or a Bruker AM360 operating at 90.56 MHz. Those 
spectra recorded on the JEOL are reported in ppm relative to 
TMS, the internal standard, unless specified otherwise. 
Spectra obtained from the Bruker are reported in ppm 
relative to solvent chemical shift; 77.0 ppm for CDCI3 ,
118.2 ppm for CD3CN, 39.5 ppm for DMSO-dg.
Mass Spectra (MS) were performed by Mr. William Dotchin 
at the University of New Hampshire on either a Hitachi 
Perkin-Elmer Model RMU-6E or a Hewlett Packard 5988A. The 
molecular ion and major fragments are herein recorded with 
their relative intensities in parentheses. The first number 
in parentheses after the m/z of the MS is the spectrum 
number and not a relative intensity.
High Resolution Mass Spectra (HRMS) were performed by 
Midwest Center for Mass Spectrometry in Lincoln, Nebraska.
Melting points were determined with a Thomas Hoover 
Model capillary melting point apparatus or Fischer-Johns 
melting point apparatus. All temperatures reported herein 
are in degrees Celsius and are uncorrected.
Thin-Layer Chromatography (TLC) was done with EM 
Science Kieselgel 6OF254 on aluminum plates or with Baker- 
Flex Silica Gel IB-F on Mylar plates that were dried in an 
oven prior to use. Visualization of all compounds was 
accomplished with a short-wavelength UV lamp. Preparative 
TLC plates were prepared on 20 x 20 cm glass plates with EM 
Science Kieselgel 60 PF2 5 4*
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Flash chromatography was performed with EM Science 
Kieselgel 60, 230 mesh. Column chromatography was performed 
with Baker Silica Gel, 60-200 mesh.
Solvents were obtained from the University of New 
Hampshire stockroom. Dimethylformamide (DMF) was distilled 
from calcium hydride and stored over 4A molecular sieves; 
toluene was dried and distilled from phosphorous pentoxide 
and stored over 4A molecular sieves; acetonitrile was 
distilled from calcium hydride and stored over 4A molecular 
sieves; tetrahydrofuran was distilled from sodium 
benzophenone ketyl; acetone was pre-dried with calcium 
sulfate, distilled and stored over 4A molecular sieves; 
pyridine was dried and distilled from potassium hydroxide. 
All other solvents were used without further purification.
Chemicals were purchased from Aldrich, Fisher, Alfa, 
Mallinckrodt, or Eastman Kodak. Stannic chloride (SnCl4 ) 
was refluxed and distilled from phosphorous pentoxide into a 
receiver with phosphorous pentoxide and redistilled; 2,4,6- 
collidine was fractionally distilled from potassium 
hydroxide and stored over 4A molecular sieves; o-cresol was 
distilled prior to use; o-bromophenol was distilled prior to 
use; 3-nitrosalicylaldehyde was recrystallized from 95% 
ethanol; triethylamine was dried and distilled from 
potassium hydroxide; acetic anhydride was distilled prior to 
use; sulfuryl chloride was distilled prior to use; p- 
toluenesulfonyl chloride was recrystallized from hexane;
47
benzyl alcohol and 2-phenethyl alcohol were distilled prior 
to use. All other chemicals were used without purification.
Mobay Chemical Company supplied 2-(2-hydroxyethoxy)- 
benzoic acid, methyl ester.
Analytical Procedure in Ring-chain Tautomerism Studies.
1H NMR Experiments:
The substituted 2-(5-hydroxy-3-oxa-pentyloxy)-benzal­
dehydes were dissolved in approximately 0.5 mL of deuterated 
NMR solvent with no consideration of concentration and 
transferred into a 5-mm NMR tube. The substituted 2-(2- 
hydroxyethoxy)-benzaldehydes (5-10 mg) were dissolved in 0.7 
mL of deuterated NMR solvent and transferred into a 5-mm NMR 
tube. The 1H NMR spectra o"f the benzaldehydes were then 
recorded shortly after sample preparation.
The ring-chain tautomeric equilibrium (K = [R]/[C]) was 
determined for each of the benzaldehydes from the integra­
tions of the aldehyde proton and methine proton according to 
equation 3.
Integration of Methine Proton
K =   (eqn 3)
Integration of Aldehyde Proton
No full statistical analysis was done on the K values, 
however. The integrator was manually positioned where to 
start and stop integration, and for each spectrum the 
integrations were adjusted accordingly. Statistical
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analysis of this integration procedure on a single sample 
with 3,5-dichloro-2-(2-hydroxyethoxy)-benzaldehyde using 
equation 4 (N = 4) indicated that the standard deviation in 
the K-value is + 0.002 for the given spectra. It is 
presumed that the error of the integration procedure is 
smaller than the experimental error of the instrument. It 
follows that the difference in the largest K-value to the 
smallest for the dichloro compound is 0.02 and thus the K- 
value is dependable to + 0.02. It is assumed that the K- 
values for the other compounds differ at maximum by + 0 .1 .
S (standard deviation) =
(Xi - X) 
N - 1
(eqn 4)
N = total number of measurements in the set 
Xj^  - "x = individual-deviation minus the mean
13C NMR Experiments:
The benzaldehydes NMR samples that were used for NMR 
were also used in the carbon-13 experiments. The carbon-13 
data were not used to quantitate the ring-chain tautomeric 




To a magnetically stirred solution of 5.0 g (0.041 mol) 
of salicylaldehyde in 25 mL of glacial acetic acid was added
5.0 mL (15.6 g / 0.098 mol) of bromine dissolved in 25 mL of 
glacial acetic acid over 45 min. The red reaction mixture 
was stirred at room temperature for 3.5 d and then poured 
into 100 mL of saturated aqueous NaHS03. The aqueous 
solution was diluted with 100 mL of water. A greenish white 
solid precipitated and was collected by suction filtration. 
The solid and 200 mL of 6 N HCl solution were combined in a 
flask and allowed to sit at room temperature for 1 h with 
occasional swirling and then on a steam bath for 30 min.
The mixture was refrigerated for 1 d. The greenish white 
solid was collected by suction, recrystallized from 
ethanol/water, and air-dried to afford 6.70 g (58%) of 3,5- 
dibromosalicylaldehyde: mp 79-81 °C (lit.50 mp 81-82 °C),
IR (8344) 3600-3000, 2830, 1675, 1650, 1280, 1190, 910, 900, 
700; XH NMR (14566, CDC13, 60 MHz) 11.5 (s, 1 H, OH), 9.8 
(S, 1 H, CHO), 7.85 (d, 1 H, Ar H), 7.6 (d, 1 H, Ar H). The 
IR spectrum was identical to the Sadtler spectrum (34486).
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General Procedure A: Preparation of 3-Substituted
Salicylaldehydes.4 4
In a 200-mL three-necked round-bottomed flask fitted 
with a reflux condenser with a rubber septum, mechanical 
stirrer and rubber septum, a solution of 1 eguiv of o- 
substituted phenol and 0.4 eguiv of 2,4,6-collidine in 25 mL 
of toluene was purged with N2 for 20 min with stirring. To 
this solution was added 0.1 eguiv of stannic chloride. The 
solution was mechanically stirred at room temperature under 
N2 for 30 min. To this cream-colored solution was added 2.2 
eguiv of paraformaldehyde. After the septum had been re­
placed with a thermometer and adaptor, the reaction mixture 
was heated to 105 +/- 5 °C for 8-22 h under N2 and allowed 
to sit at room temperature overnight. The reaction mixture 
was poured into 300 mL of water and acidified to pH = 2 by 
slow addition of concentrated HC1. The two-phase mixture 
was extracted with 4-5 x 100 mL of diethyl ether. The ether 
extracts were combined, dried (MgS04), and filtered.
Removal of the organic solvents in vacuo afforded a mixture 
of salicylaldehyde and starting phenol. The salicylaldehyde 
was subseguently purified.
3-Phenylsalicylaldehyde:44 Procedure A was followed 
with 10 g (0.0588 mol) of 2-phenylphenol, 3.1 mL (2.85 g / 
0.0235 mol) of 2,4,6-collidine, 1.0 mL (2.226 g / 8.55 mmol) 
of stannic chloride, 3.88 g (0.129 mol) of paraformaldehyde,
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and a 11.5-h heating period. Purification of the dark brown 
solid by flash chromatography on silica gel (350 x 35 mm) 
with chloroform afforded 3.53 g (30%) of 3-phenylsalicyl­
aldehyde as a yellow oil (lit.44 mp 47-48 °C): Rf 0.76, IR
(8157) 3600-2500, 3050, 3020, 2840, 2730, 1650, 1610, 1425, 
1280, 1210, 905, 750, 685; XH NMR (14318, CDC13, 60 MHz)
11.55 (s, 1 H, OH), 9.95 (s, 1 H, CHO), 7.7-7.0 (m, 8 H, Ar 
H) ,* 13 C NMR (10004, CDCI3 , 22.5 MHz) 196.7, 158.9, 137.7,
136.3, 133.1, 130.5, 129.3, 128.2, 127.7, 120.9, 119.9.
Sublimation at 40 °C in a water bath/ 1-2 torr afforded 
both the 3-phenylsalicylaldehyde and 2-phenylphenol as a 
greenish white solid. Flash chromatography with ethyl 
acetate/hexane (1 :1 0, v/v) was unsuccessful for the 
separation of 3-phenylsalicylaldehyde from the phenol. 
Attempts to purify the product mixture by recrystallization 
from low-boiling pet ether -were unsuccessful.
3-Methylsalicylaldehyde:44 Procedure A was used with 
15 g (0.139 mol) of 2-methylphenol, 7.3 mL (6.72 g / 0.056 
mol) of 2,4,6-collidine, 1.6 mL (3.61 g / 0.0139 mol) of 
stannic chloride, 9.15 g (0.305 mol) of paraformaldehyde, 
and an 8-h heating period. Purification of the dark brown 
oil by distillation afforded 7.005 g (37%) of 3-methylsali- 
cylaldehyde as a yellow liquid: bp 203-204 °C (lit.51 bp
208 °C), IR (8297) 3650-2600, 3040, 3020, 2910, 2830, 2720, 
1640, 1450, 1430, 1375, 1310, 1260, 1210, 1015, 830, 735; XH
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NMR (14493, CDC13, 60 MHz) 11.3 (s, 1 H, OH), 9.8 ( s ,  1 H, 
CHO), 7.5-6.6 (m, 3 H, Ar H), 2.2 (s, 3 H, CH3); Rf 0.82 
(chloroform).
3-Bromosalicylaldehyde:52 When procedure A was 
followed with 15.02 g (0.0868 mol) of 2-bromophenol, 5.0 mL 
(4.585 g / 0.0378 mol) of 2,4,6-collidine, 1.0 mL (2.226 g / 
8.55 mmol) of stannic chloride and 5.8 g (0.19 mol) of para­
formaldehyde for 22 h of heating, a dark black liquid was 
isolated. Purification was accomplished in four steps: 
removal of 2-bromophenol by distillation at 54 °C / 1.5 
torr; column chromatography on silica gel with chloroform; 
steam distillation; and, finally, flash chromatography on 
silica gel with chloroform;- 967 mg (6%) of 3-bromosalicyl- 
aldehyde was obtained as a yellow crystalline solid: mp 40-
47 °C (lit.52 mp 49 °C) ; R f. 0.82 (chloroform); I R  (8794) 
3300-2900, 2840, 1650, 1435, 1380, 1285, 1210, 1120, 890, 
710; XH NMR (14308, CDC13, 60 MHz) 11.7 (s, 1 H, OH), 9.9 
(s, 1 H, CHO), 7.8 (dd, J = 7, 2 HZ, 1 H, Ar H), 7.5 (dd, J 
= 7, 2 Hz, 1 H, Ar H), 6.9 (t, J = 7 Hz, 1 H, Ar H). It was 
observed in the workup of an alkylation reaction that 3- 
bromosalicylaldehyde sublimes.
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General Procedure B: Preparation of Sodium Salts of
Substituted Salicylaldehydes.
A round-bottomed flask was charged with 1.0-4.0 g of 
salicylaldehyde and an eguiv of sodium hydroxide dissolved 
in water. The colored solution was stirred for 20-30 min. 
The water was removed under reduced pressure to afford a 
solid. The solid was washed with 25-50 mL of diethyl ether, 
which was removed by decantation, and then placed under 
vacuum pump pressure for 2-2.5 d. The sodium salts were 
stored under N2 in a desiccator. The lack of C-0 stretching 
(1300-1200 cm”1) and out-of-plane OH bending (800-650 cm”1), 
and the presence of a strong absorption in the 1400-1500 
cm” 1 region of the IR spectrum, comparatively to the sali­
cylaldehyde, and no melting-point below 130 °C indicated 
formation of phenoxide.
Sodium Salt of Salicylaldehyde (37): green-yellow
solid (>100%); mp > 300 °C; IR (7341).
Sodium Salt of 5-Nitrosalicylaldehyde (38): bright
yellow solid (98%); mp > 320 °C; IR (8769) .
Sodium Salt of 3-Nitrosalicylaldehyde (39): orange
solid (94%); mp > 320 °C; IR (8692).
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Sodium Salt of 5-Bromosalicylaldehyde (40): dark
yellow solid (> 100%); decomp. 210 °C, IR (8934).
Sodium Salt of 3-Bromosalicylaldehyde (41): yellow
solid (76%)y mp > 320 °Cy IR (8141).
Sodium Salt of 3,5-Dibromosalicylaldehyde (42): bright 
yellow solid (98%); mp > 300 °C; IR (8650).
Sodium Salt of 3,5-Dichlorosalicylaldehyde (43): 
bright yellow solid (> 100%); mp > 300 °C; IR (7480).
Sodium Salt of 3,5-Diiodosalicylaldehyde (44): dark
yellow solid (100%); mp > 2*70 °C; IR (7983).
Sodium Salt of 3-Phenylsalicylaldehyde (45): bright
yellow solid (75%); mp > 300 °C; IR (8166).
Sodium Salt of 3-Methylsalicylaldehyde (46): yellow
solid (93%) ; mp > 300 °C; IR (8361).
General Procedure C: Preparation of Substituted 2-(5-
Hydroxy-3-oxa-pentyloxy) -benzaldehydes.
A solution of 0.5-1.0 g of sodium salt and 0.1 equiv of 
sodium iodide in 15-20 mL of DMF in a three-necked round- 
bottomed flask fitted with a magnetic stirring bar, septum,
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stopper, and reflux condenser with septum was magnetically 
stirred and purged with N2 for 15 min. To the stirring 
solution was added 2 equiv of 2-(2-chloroethoxy)-ethanol.
The reaction mixture was held at reflux under N2 for 1.5-6
h. A solid precipitated upon heating. The reaction mixture
was held at reflux until no more solid appeared to precip­
itate. The solution was decanted, and the solid was washed
with ethyl acetate with decantation. The DMF solution and 
ethyl acetate washings were combined. The solvents were 
removed under reduced pressure, first with aspirator then 
pump, to give an oil. Ethyl acetate was added to dissolve 
any organic material. The organic phase was filtered and 
concentrated under reduced pressure to afford a mixture of 
o-hydroxy-alkoxy benzaldehyde and recovered salicylaldehyde. 
Mixtures were subjected to chromatography for purification.
General Procedure D: Preparation of Semicarbazones of o-
Hydroxyalkoxy Benzaldehydes.
These derivatives were prepared by the method of 
Shriner, Fuson, Curtin and Morrill.53 The benzaldehydes 
were dissolved in ethanol in a test tube. Water was added 
dropwise until the solution was cloudy, and then 10 eguiv of 
semicarbazide hydrochloride and 10 eguiv of sodium acetate 
(3 H20) were added. The reaction mixture was vigorously 
shaken, and the test tube was placed in a beaker of boiling 
water and then allowed to cool to room temperature in the
56
water. The test tube was refrigerated and a solid precipi­
tated (note, in some instances some of the ethanol had to be 
removed in order to achieve precipitation). The semicarba- 
zone derivatives were collected by suction and purified by 
recrystallization from ethanol/water.
2- (5-Hydroxy-3-oxa-pentyloxy )-benzaldehyde (35): 
Procedure C was followed with 1.0 g (6.94 mmol) of sodium 
salt 37 and the reaction mixture was heated for 6 h. The 
black oil was dissolved in methylene chloride and extracted 
with 3 x 50 mL of 10% aqueous NaOH, dried (Mg$04) , filtered, 
and concentrated in vacuo to an orange oil. Multielution 
Preparative TLC (3 elutions) with ethyl acetate/hexane (1:2, 
v/v) afforded 449 mg (30%) of a yellow oil, which was 
assigned to 2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehyde: Rf
0.11 (ethyl acetate/hexaner 1:1, v/v); IR (7392) 3650-3000, 
3060, 3020, 2920, 2860, 2740, 1680, 1595, 1450, 1390, 1280, 
1235, 1120, 1040, 920, 820, 750; %  NMR (9298, CDCl3 , 90 
MHz) 10.48 (s, 1 H, CHO), 8 .0-6.8 (m, 4 H, Ar H), 4.35-4.1 
(m, 2 H, ArOCH2)/ 4.0-3.45 (m, 6 H, CH20CH2CH20), 2.5 (br s, 
1 H, OH); 13C NMR (9299, CDCI3 , 22.5 MHz) 189.8, 161.1,
135.9, 128.6, 125.1, 121.1, 112.9, 72.8, 69.5, 68.2, 61.7; 
MS, m/z (751) 210 (3), 180 (37), 148 (30), 135 (55), 122 
(50), 121 (100), 120 (41), 92 (13), 89 (11).
Further attempts to obtain an analytical sample by 
column chromatography with ethyl acetate were unsuccessful.
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Attempts to prepare a semicarbazone derivative of 47 (proce­
dure D) for an elemental analysis were unsuccessful.
3-Nitro-2-( 5-hydroxy-3-oxa-pentyloxy) -benzaldehyde
(47): When 800 mg (4.23 mmol) of sodium salt 39 was used
according to procedure C with a 3.5-h heating period, a dark 
brown oil was isolated. Column chromatography on silica gel 
(380 x 30 mm), first with ethyl acetate and then methanol, 
afforded 387 mg (36%) of 3-nitro-2-(5-hydroxy-3-oxa-pentyl- 
oxy)-benzaldehyde as an orange oil, which decomposed upon 
standing: Rf 0.05 (ethyl acetate); IR (7607) 3650-3000,
3070, 3000-2700, 1690, 1590, 1525, 1450, 1350, 1240, 1120, 
1020, 905, 800, 740; XH NMR (9429, CDC13, 90 MHz) 10.49 (d,
J = 0.8 Hz, 1 H, CHO), 8.1Tm, 2 H, Ar H), 7.37 (m, 1 H, Ar 
H), 4.5-4.3 (m, 2 H, Ar0CH2), 3.9-3.4 (m, 6 H, CH2OCH2CH20) , 
2.3 (br s, 1 H, OH); %  NMR (9465, DMS0-d6 , 90 MHz) 10.36 
(s, 1 H, CHO), 8.31-8.01 (m, 2 H, Ar H) , 7.58-7.40 (m, 1 H, 
Ar H), 4.33-4.23 (m, 2 H, ArOCH2), 3.78-3.36 (m, CH2OCH2CH2- 
OH, H20) ,* 13C NMR (9430, CDCI3 , 22.5 MHz) 188.6, 155.2,
133.4, 131.8, 130.7, 124.4, 72.7, 70.1, 61.7; MS, m/z (763) 
194 (25), 193 (45), 166 (5), 150 (12), 149 (46), 120 (51),
93 (59) , 75 (66), 63 (100).
Semicarbazone (procedure D): mp 135-136 °C, MS, m/z 
(766) 312 (14), 295, (17), 208 (17), 164 (100), 163 (71),
147 (32), 91 (55), 76 (48), 76 (48), 63 (38), 61 (77), 60
(41).
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Anal. Calcd for C12H16N406 (312): C, 46.16; H, 5.16; N,
17.94. Found: C, 46.03; H, 5.27; N, 17.75.
5-Bromo-2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehyde
(48): General procedure 0 was followed with 800 mg (3.59
mmol) of 40 and 6 h of refluxing. Purification of the brown 
oil by column chromatography on silica gel with ethyl ace­
tate afforded 465 mg (45%) of 48 as a yellow oil, which 
crystallized upon standing. Recrystallization from ethyl 
acetate/cyclohexane afford a white solid: mp 55-56 °C; Rf 
0.30 (ethyl acetate); IR (7531) 3600-3100, 3070, 3980-2800, 
1660, 1585, 1470, 1260, 1230, 1110, 1035, 870, 800; XH NMR 
(9372, CDC13 , 90 MHZ) 10.4 (s, 1 H, CHO), 7.91 (d, J = 2.6 
Hz, 1 H, ArH) , 7.61 (dd, 8 .8 , 2.6 Hz, 1 H, Ar H) , 6.90
(d, J = 8.8 HZ), 4.3-4.15 (m, 2 H, ArOCH2), 4.01-3.59 (m, 6 
H, CH20CH2CH20), 2.11 (br s, 1 H, OH); XH NMR (9371, DMSO- 
d6 , 90 MHZ) 10.30 (S, 1 H, CHO), 7.87-7.71 (m, 2 H, Ar H),
7.25 (d, J = 8.5 HZ, 1 H, Ar H), 4.63-4.23 (m, 2 H, ArOCH2), 
3.86-3.76 (m, 2 H, CH20), 3.6-3.3 (m, 4 H, 0CH2CH20); 13C 
NMR (9373, CDCl3, 22.5 MHz) 188.2, 160.0, 138.2, 131.2, 
126.6, 114.9, 113.9, 72.8, 69.4, 68.7, 61.8; 13C NMR (236, 
DMSO-dg, 90.56 MHz) 188.35, 160.18, 138.59, 129.73, 126.01,
116.90, 112.73, 72.54, 68.95, 68.67, 60.23; MS, m/z (760)
290 (32), 288 (33) 228 (35), 226 (36), 202 (77), 201 (75), 
200 (100), 199 (79), 198 (45), 174 (8 ), 172 (18), 89 (81),
75 (51), 63 (82).
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Anal. Calcd for C^iH^Brc^ (289): C, 45.67; H, 4.50;
Br, 27.68. Found: C, 45.78; H, 4.77; Br, 27.39.
3,5-Dibromo-2- (5-hydroxy-3-oxa-pentyloxy) -benzaldehyde
(49): When 962.5 mg (3.2 mmol) of sodium salt 42 was
treated with 4.78 mmol of 2-(2-chloroethoxy)-ethanol 
according to procedure C with a 2.5-h heating period, a dark 
burgundy oil was isolated. Flash chromatography on silica 
gel (260 x 30 mm) with diethyl ether afforded an orange oil, 
which contained some 3,5-dibromosalicylaldehyde as indicated 
by TLC. The oil was dissolved in 30 mL of diethyl ether, 
extracted with 2 x 3  mL of 10% aqueous NaOH, dried (MgS04), 
and filtered. The solvent was removed in vacuo to afford 
203 mg (17%) of 49 as yellow oil: Rf 0.56 (diethyl ether);
IR (7779) 3650-3000, 3050, 3000-2750, 1685, 1565, 1430,
1385, 1215, 1170-950, 870,-700; XH NMR (7644, CDCl3, 90 MHz) 
10.36 (s, 1 H, CHO), 7.92 (d, J = 2.6 Hz, 1H) , 7.89 (d, J =
2.6 Hz, 1 H) , 4.36-4.15 (m, 2 H, ArOCH2), 3.90-3.54 (m, 6 H, 
CH20CH2CH2O) , 2.04 (br s, 1 H, OH); 13C NMR (9645, CDCI3 ,
22.5 MHz) 188.6, 158.1, 141.2, 132.1, 130.5, 119.0, 118.2,
74.9, 72.7, 70.0, 61.8; 13C NMR (413, DMSO-d6, 90.56 MHz)
189.04, 157.98, 140.89, 132.17, 130.07, 119.46, 117.52,
75.07, 72.33, 69.53, 60.19; MS, m/z (781) 370 (5), 369 (3), 
368 (8), 366 (5), 309 (3), 307 (7), 305 (5), 282 (21), 281 
(19), 280 (51), 279 (32), 278 (35), 277 (18), 89 (100), 75 
(54), 63 (71).
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Attempts to obtain an analytical sample by preparative 
TLC with ethyl acetate were unsuccessful.
Semicarbazone (procedure D): mp 175-176 °C; Anal.
Calcd for C12H15N3Br204 (425): C, 33.88; H, 3.52; N, 9.88; 
Br, 37.65. Found: C, 34.28; H, 3.70; N, 9.84; Br, 37.45.
3,5-Dichloro-2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehyde
(50): General procedure C was used with 1.0 g (4.69 mmol)
of sodium salt 43, and the reaction mixture was heated for
1.5 h. Purification of the viscous orange oil by flash 
chromatography with chloroform afforded 733 mg (56%) of 50 
as a yellow oil: Rf 0.23 (ethyl acetate/hexane, 1:1, v/v);
IR (7657) 3650-3000, 3060, 3000-2750, 1690, 1575, 1430,
1205, 1180-950, 1120, 1025, 950-840, 825; XH NMR (13943, 
CDC13, 60 MHZ) 10.45 (s, 1 H, CHO), 7.7 (d, J = 2.5 Hz, 1 H,
Ar H) , 7.6 (d, J = 2.5 Hz, -1 H, Ar H) , 4.5-4.2 (m, 2 H,
ArOCH2), 4.0-3.5 (m, 6 H, CH20CH2CH20), 2.75 (br S, 1 H,
OH); XH NMR (13927, DMS0-d6, 60 MHz) 10.3 (s, 1 H, CHO), 8.0 
(d, J = 2 HZ, 1 H, Ar H), 7.65 (d, J = 2 Hz, 1 H, Ar H), 
4.45-4.1 (m, 2 H, ArOCH2), 3.9-3.2 (m, CH2OCH2CH2OH and 
H20); 13C NMR (9557, CDC13, 22.5 MHz) 188.6, 156.5, 135.5, 
131.8, 130.5, 129.6, 126.6, 74.7, 72.6, 70.0, 61.8; 13C NMR 
(9790, DMSO-dg, 22.5 MHz, DMSO reference) 188.5, 156.2,
135.0, 131.5, 129.2, 129.1, 126.1, 74.6, 72.1, 69.2, 60.0; 
MS, m/z (767) 282 (2), 280 (5), 279 (2), 278 (9), 220 (2),
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219 (6), 218 (7), 217 (10), 194 (6 ), 192 (40), 191 (38), 190 
(68), 189 (56), 163 (3), 161 (4), 89 (100).
Anal. Calcd for (279): C, 47.33; H, 4.34.
Found: C, 47.44; H, 4.54.
3,5-Diiodo-2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehyde
(51): Procedure C was followed with 750 mg (1.89 mmol) of
sodium salt 44 and the reaction mixture was heated for 2.5 
h. Flash chromatography with chloroform and recrystalliza­
tion twice from ethyl acetate/hexane afforded 259 mg (30%) 
of 51 as a yellow solid: mp 58-61 °C; Rf 0.07 (chloroform);
XR (8261) 3600-3100, 3020, 3000-2800, 1675, 1550, 1420,
1340, 1205, 1115, 1050, 1020, 865; XH NMR (462, CDC13 , 360 
MHz) 10.26 (s, 1 H, CHO), 8T30 (d, J = 2.16 Hz, 1 H, Ar H),
8.06 ( d, J = 2.16 Hz, 1 H, Ar H), 4.24-4.21 (m, 2 H,
ArOCH2)t 3.89-3.86 (m, 2 H,_ CH20 ) , 3.75-3.72 (m, 2 H, 0CH2),
3.63-3.60 (m, 2 H, CH20), 2.07 (br s, 1 H, OH); XH NMR
(467A, DMSO-d6, 360 MHz) 10.13 (s, 1 H, CHO), 8.41 (d, J =
2.17 Hz, 1 H, Ar H), 7.92 (d, J - 2.17 HZ, 1 H, Ar H), 4.18- 
4.15 (m, 2 H, ArOCH2), 3.77-3.74 (m, 2 H, CH20), 3.7-3.4 (m, 
OCH2CH2OH and H20); 13C NMR (176, CDC13, 90.56 MHz) 188.78, 
161.36, 152.49, 137.77, 131.62, 94.15, 89.31, 75.53, 72.66, 
69.97, 61.81; 13C NMR (467B, DMSO-d6, 90.56 MHz) 188.90, 
160.82, 151.59, 136.51, 131.27, 96.09, 90.24, 75.06, 72.10, 
69.16, 59.87; MS, m/z (802) 462 (1), 374 (3), 274 (2), 246
(2), 93 (6 6), 75 (69), 63 (100).
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Anal, calcd for C11H12I2°4 (462): C, 28.59; H, 2.62. 
Found: C, 28.99; H, 3.03.
3-Phenyl-2-(5-hydroxy-3-oxa-pentyloxy) -benzaldehyde
(52): General procedure C was used with 400 mg (1.82 mmol)
of sodium salt 45 and a 1-h heating period. Purification by 
flash chromatography with ethyl acetate/hexane (1 :1 , v/v) 
afforded 5 2  as a yellow oil in 45% yield: R f  0.36; I R
(8312) 3650-3000, 3050, 3010, 3000-2750, 1680, 1580, 1455,
1425, 1385, 1240, 1210, 1125, 1065, 1030, 900, 790, 755,
690; XH NMR (423, CDC13, 360 MHz) 10.56 ( s ,  1 H, CHO), 7.84
(dd, J = 7.7, 1.6 HZ, 1 H, Ar H), 7.7-7.25 (m, 7 H, Ar H),
3.77-3.44 (ra, 8 H, OCH2CH2OCH2CH2O), 2.08 (v br s, 1 H, OH); 
XH NMR (424, DMS0-d6, 360 MHz) 10.42 (s, 1 H, CHO), 7.72 (d, 
J = 7.5 Hz, 1 H, Ar H), 7.66 (d, J - 7.5 Hz, 1 H, Ar H), 
7.62-7.22 (m, 6 H, Ar H), 3.6 (S, OH and H20), 3.5-3.19 (m,
8 H , OCH2CH2OCH2CH2O); 13C NMR (157, CDCI3 , 90.56) 191.17,
159.48, 137.25, 137.17, 135.89, 130.06, 129.01, 128.57, 
127.84, 127.39, 124.59, 73.62, 72.29, 69.84, 61.69; 13C NMR 
(424, DMSO—d6, 90.56 MHz) 191.12, 159.42, 137.57, 137.07,
135.67, 129.93, 129.01, 128.97, 128.17, 127.02, 125.04, 
73.79, 72.15, 69.27, 60.17; MS, m/z (806) 287 (5), 286 (16), 
225 (14), 224 (46), 198 (94), 197 (48), 169 (21), 152 (45), 
89 (45), 75 (54), 63 (100).
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Semicarbazone (procedure D): mp 148-149 °C, MS, m/z
(810) 343 (13), 283 (5), 238 (19), 208 (20), 207 (60), 196 
(38),195 (100), 194 (65).
Anal. Calcd for C18H21N304 (343): C, 62.96; H, 6.17; N, 
12.24. Found: C, 63.09; H, 6.27; N, 11.93.
Treatment of 3-Nitro-2-(5-hydroxy-3-oxa-pentyloxy)-benzalde­
hyde with Trifluoroacetic Acid/Ambient Temperature.
A 5-mm NMR tube was charged with 10-15 mg of 3-nitro-2- 
(5-hydroxy-3-oxa-pentyloxy)-benzaldehyde (47), 0.009 mL of 
trifluoroacetic acid and 0.5 mL of DMS0-dg. The mixture was 
monitored by NMR at 0, 5, 12, 24 and 75 h. The proton 
spectrum was unchanged: %  NMR (13880) 10.45 (s, 1 H, CHO),
8.3 (dd, J - 8 , 2 Hz, 1 H, Ar H), 8.15 (dd, J = 8 , 2 Hz, 1 
H, Ar H), 5.8 (s, OH, H20), 4.4-4.2 (m, 2 H, ArOCH2), 3.9-
3.7 (m, 2 H, CH20), 3.4-3.5 (m, 4 H, 0CH2CH20).
Treatment of 3-Nitro-2-(5-hydroxy-3-oxa-pentyloxy)-benzalde­
hyde with Trifluoroacetic Acid at 50 °C for 8 h and at 65 °C 
for 8.5 h.
The NMR sample from the previous experiment was heated 
at 50 °C in a constant water bath for 8 h. The -^H NMR 
spectrum (13894) of this mixture matched that of the 
spectrum above (13880).
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The NMR sample was then heated at 65 °C in a constant 
water bath for 8.5 h, but again no change in the -^H NMR 
spectrum (13911) was noted.
■^H NMR Analysis of 3-Nitro-2-(5-hydroxy-3-oxa-pentyloxy) - 
benzaldehyde in CDCl3/-20 °C.
A solution of 3-nitro-2-(5-hydroxy-3-oxa-pentyloxy)- 
benzaldehyde in CDC13 in a 5-mm NMR tube was cooled to -20 
°C with a dry ice-carbon tetrachloride bath for 3.5 h. The 
■^ H NMR spectrum (13899) of the solution matched that of the 
benzaldehyde in CDCI3 .
General Procedure E: Preparation of Substituted 2-(2-
Hydroxyethoxy)-benzaldehydes.
A solution of 0.2-3.0g of sodium salt in 25 mL of DMF 
was magnetically stirred and purged with N2 for 20 min. To 
the colored solution was added via syringe 2.5 equiv of 2- 
bromoethanol. The reaction mixture was stirred at room 
temperature for 6 h to 26 d and monitored by TLC until all 
the sodium salt had been consumed. The reaction mixture was 
poured into 200-300 mL of chilled 5% aqueous NaOH. The 
aqueous solution was extracted with 4 x 60 mL of methylene 
chloride. The methylene chloride was washed with 50-100 mL 
of water. The organic layer was analyzed by TLC to 
determine whether any salicylaldehyde was present. The 
methylene chloride layer was further extracted with 5%
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aqueous NaOH to remove any salicylaldehyde and washed with 
water. The organic layer was dried (MgS0 4>, filtered, and 
concentrated under reduced pressure, first with aspirator 
then pump, to afford crude benzaldehydes.
The basic extracts and water washings were combined, 
acidified to pH = 2, as indicated by litmus paper, by slow 
addition of concentrated HC1. The salicylaldehyde was 
recovered either by collection of the precipitate by suction 
filtration of the aqueous mixture or by extraction of the 
aqueous solution with methylene chloride followed by solvent 
removal.
5-Nitro-2-(2-hydroxyethoxy)-benzaldehyde (53): When
1.5 g ( 7.93 mmol) of sodium salt 38 was used according to 
procedure E with an 18.5-d stirring period, an orange oil 
was isolated which solidified upon standing. The solid was 
recrystallized from chloroform/hexane to afford 268 mg (16%) 
of 5-nitro-2-(2-hydroxyethoxy)-benzaldehyde as a white 
solid: mp 76-78 °C; IR (8900) 3650-3000, 3100, 3060, 2980-
2800, 1685, 1605, 1585, 1515, 1345, 1265, 1240, 1065, 1020, 
935, 905, 735; XH NMR (1034A, CDCI3, 360 MHz) 10.45 (s, 1 H, 
CHO), 8.69 (d, J = 2.9 Hz, 1 H, Ar H), 8.42 (dd, J = 9.2,
2.9 Hz, 1 H, Ar H) , 7.13 (d, J = 9.2 Hz, 1 H, Ar H) , 4.35- 
4,32 (m, 2 H, ArOCH2), 4.12-4.07 (m, 2 H, CH20), 2.04 (t, J 
= 5.8 HZ, 1 H, OH); NMR (1044A, CD3CN, 360 MHz) 10.47 (s, 
1 H, CHO), 8.50 (d, J = 2.9 Hz, 1 H, Ar H), 8.42 (dd, J =
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9.2, 2.9 HZ, 1 H, Ar H), 7.30 (d, J = 9.2 Hz, 1 H, Ar H), 
4.31-4.28 (m, 2 H, ArOCH2), 3.92-3.87 (m, 2 H, CH20 ), 3.34 
(br S, 1 H, OH); XH NMR (1057A, DMSO-d6, 360 MHz) 10.41 (S,
1 H, CHO), 8.47 (dd, J = 9.2, 2.9 Hz, 1 H, Ar H), 8.39 (d, J 
= 2 . 9  HZ, 1 H, Ar H), 7.47 (d, J = 9.2 Hz, 1 H, Ar H), 5.07 
(t, J = 5.9 Hz, 1 H, OH), 4.32-4.29 (m, 2 H, ArOCH2), 3.82- 
3.78 (m, 2 H, CH20) ,* 13C NMR (1034B, CDCl3, 90.56 MHz) 
187.34, 164.64, 141.82, 130.63, 125.29, 124.78, 113.20, 
70.99, 60.90; 13C NMR (1044B, CD3CN, 90.56 MHz) 189.13, 
166.33, 142.29, 131.51, 125.43, 124.33,115.05, 72.56, 60.71; 
13C NMR (1057B, DMSO-dg, 90.56 MHz) 188.51, 165.30, 140.74,
130.90, 124.03, 123.07, 114.87, 71.85, 59.23; MS, m/z 
(1049.D) 212 (2), 211 (12), 210 (6), 193 (70), 192 (14), 181 
(84), 180 (31), 167 (51), 166 (77), 165 (51), 151 (33), 150 
(28), 149 (33), 137 (100), 134 (53), 120 (45), 76 (53), 63 
(6 6), 45 (40); Rf 0.3 (chloroform/ethanol, 20:1, v/v).
Anal. Calcd for C9H9NO5 (211): C, 51.19; H, 4.30; N, 
6.63. Found: C, 50.88; H, 4.27; N, 6.54.
3-Nitro-2- (2-hydroxyethoxy) -benzaldehyde (54): When
1.583 g (8.38 mmol) of sodium salt 39 was used according to 
procedure E with 4.5 equiv of 2-bromoethanol and a 26-d 
stirring period, 433.5 mg (25%) of 3-nitro-2-(2-hydroxy- 
ethoxy) -benzaldehyde was obtained as a yellow solid. The 
sample was recrystallized from ethanol/water: mp 88-89 °C,
IR (8765) 3600-3100, 3080, 3000-2850, 1605, 1580, 1525,
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1455, 1365, 1290, 1225, 1185, 1135, 1085, 945, 895, 780,
735; NMR (1017A, CDC13, 360 MHz) 10.42 (s, 1.0 H, CHO),
8.09 (d, J = 7.9 HZ, 2.0 H, Ar H [C]), 7.74 (dd, J = 7.9,
1.7 Hz, 1.6 H, Ar H [R]) , 7.68 (dd, J = 7.9, 1.7 Hz, 1.8 H, 
Ar H [R]), 7.38 (t, J = 7.9 Hz, 1.0 H, Ar H [C]), 7.19 (t, J
= 7.9 Hz, 2.0 H, Ar H [R] and CHCI3), 5.96 (d, J = 4.6 Hz,
1.6 H, OCHO), 4.34-3.98 (m, 12.0 H, OCH2CH20 [R] and [C]), 
3.23 (d, J - 4.6 HZ, 1.6 H, OH [R]), 2.28 (t, J = 5.7 Hz,
1.0 H, OH [C]); 1H NMR (1021A, CD3CN, 360 MHz) 10.44 (s, 1.0 
H, CHO), 8.11 (dd, J = 8.0, 1.8 Hz, 1.0 H, Ar H [C]), 8.06 ( 
dd, J ■ 8.0, 1.8 Hz, 1.0 H, Ar H [C]), 7.70 (dd, J = 7.9,
1.7 Hz, 3.0 H, Ar H [R]), 7.66 (dd, J = 7.9, 1.7 Hz, 3.0 H, 
Ar H [R]), 7.41 (t, J = 8.0 HZ, 1.0 H, Ar H [CJ), 7.21 (t, J
= 7.9 Hz, 3.0 H, Ar H [R]), 5.88 (s, 2.9 H, OCHO), 5.14 (br
S, 2.5 H, OH [R]), 4.28-3.80 (m, 17.0 H, OCH2CH20 [R] and 
[C]), 3.11 (br S, 1.0 H, OH [C]); XH NMR (837A, DMSO-d6, 360 
MHZ) 10.42 (S, 1.0 H, CHO), 8.24 (dd, J = 7.9, 1.7 Hz, 1.0 
H, Ar H [C]), 8.04 (dd, J = 7.9, 1.7 Hz, 1.1 H, Ar H [C]), 
7.75 (dd, J  ■ 8.0, 1.6 Hz, 10.3 H, Ar H [R]), 7.69 (dd, J «
8.0, 1.6 HZ, 11.7 H, Ar H [R]) , 7.48 (t, J = 7.9 Hz, 1.9 H, 
Ar H [C]), 7.41 (d, J = 5.0 HZ, 10.4 H, OH [R]), 7.25 (t, J 
= 8.0 Hz, 11.7 H, Ar H [R]), 5.85 (d, J = 5.0 Hz, 11.4 H, 
OCHO), 4.97 (t, J - 5.0 Hz, 1.2 H, OH [C]), 4.27-3.70 (m,
60.25 H, 0CH2CH20 [R] and [C]); 13C NMR (826B, CDCI3 , 90.56 
MHZ) 188.16, 154.67, 150.42, 143.60, 136.89, 134.50, 131.31,
130.86, 130.83, 124.50, 124.39, 123.57, 96.11, 79.51, 73.63,
68
67.46, 61.79? 13C NMR (1022, CD3CN, 90.56 MHz) 189.66, 
150.94, 138.50, 134.0, 131.67, 131.65, 125.38, 124.61,
124.27, 96.34, 80.24, 74.75, 67.38, 61.74; 13C NMR (837B, 
DMSO-dg, 90.56 MHz) 188.95, 154.41, 149.39, 143.33, 137.55,
132.86, 131.09, 130.81, 128.89, 128.20, 124.65, 123.47,
123.29, 95.16, 79.45, 73.72, 65.70, 60.19? MS, m/Z (1019.D) 
211 (7), 195 (8 ), 194 (82), 193 (24), 150 (25), 149 (100), 
120 (96), 119 (41), 92 (50), 91 (54), 77 (55), 63 (70); HRMS 
Calcd for C9H9N05 211.0481, Found (m/z) 211.0481? Rf 0.10 
(chloroform).
5-Bromo-2 - (2 -hydroxyethoxy) -benzaldehyde ( 55):
Procedure E was followed with 147.5 mg (0.66 mmol) of sodium 
salt 40 and a 22-h stirring period. The crude product was 
put through a silica gel plug (10 x 35 mm) with chloroform 
and then recrystallized from hexane to afford 20 mg (12%) of 
5-bromo-2-(2-hydroxyethoxy)-benzaldehyde as a white solid: 
mp 79-80 °C. This sample was compared with one prepared by 
alkylation of 5-bromosalicylaldehyde in aqueous base. The 
IR spectrum (9086) was identical to that of the second 
sample; mmp 80-81 °C.
It was observed in the process of drying the solid that 
55 sublimes at 68 °C/ 0.2-0.3 torr.
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3,5-Dibromo-2- (2-hydroxyethoxy) -benzaldehyde (57): 
Procedure E was used with 2.212 g (7.33 nmol) of sodium salt
(42) and the reaction mixture was stirred for 16 h. Recry­
stallization of the red-white solid from ethanol afforded 80 
mg (3%) of 57 as a white solid: mp 144-145 °C, IR (8958)
3620-3100, 3080, 2950, 2910, 2850, 1450, 1430, 1420, 1380, 
1310, 1295, 1225, 1210, 1175, 1085, 1025, 950, 925, 870,
855, 710; XH NMR (1118A, CDCl3, 360 MHz) 10.27 (s, 1.0 H, 
CHO), 7.92 (d, J = 2.5 Hz, 1.0 H, Ar H [C]), 7.88 (d, J =
2.5 Hz, 1.0 H, Ar H [C]), 7.63 (d, J * 2.3 Hz, 0.9 H, Ar H 
[R]), 7.58 (d, J = 2.3 Hz, 0.9 H, Ar H [R]) , 5.86 (d, J =
4.7 HZ, 0.9 H, OCHO), 4.28-3.89 (m, 9 H, OCH2CH20 [C] and 
[R]), 3.13 (d, J - 4.7 HZ, 0.9 H, OH [R]), 2.26 (t, J =5.9 
HZ, 1.0 H, OH [C]); XH NMR (1135A, CD3CN, 360 MHz) 10.31 (S,
1.0 H, CHO), 8.04 (d, J = 2.4 Hz, 1.0 H, Ar H [C]), 7.85 (d, 
J = 2.4 Hz, 1.0 H, Ar H [C]), 7.70 (d, J = 2.5 Hz, 2.2 H, Ar 
H [R]), 7.56 (dd, J = 2.5, 0.6 Hz, 2.3 H, Ar H [R]), 5.78
(m, 2.3 H, OCHO), 5.26 (d, J = 4.4 Hz, 2.0 H, OH [R]), 4.23-
3.83 (m, 13.5 H, 0CH2CH20 [C] and [R]) , 3.23 (t, J = 5.6 Hz, 
0.7 H, OH [C]); XH NMR (1159A, DMSO-d6, 360 MHz) 10.29 (s,
1.0 H, CHO), 8.22 (d, J = 2.5 Hz, 1.0 H, Ar H [C]), 7.93- 
7.77 (m, 7.5 H, Ar H [C] and [R]), 7.54 (d, J = 2.4 Hz, 7.1 
H, Ar H [R]), 7.40 (d, J = 5.0 Hz, 7.1 H, OH [R]), 5.76 (d,
J = 5.0 Hz, 7.1 H, OCHO), 4.99 (t, J = 5.1 Hz, 0.9 H, OH
[C]), 4.35-3.72 (m, 37 H, 0CH2CH2O [C] and [R]); 13C NMR 
(1118B, CDCI3 , 90.56 MHZ) 187.98, 157.46, 153.50, 141.32,
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136.62, 135.21, 131.75, 131.67, 129.18, 119.33, 118.25,
116.91, 116.53, 95.82, 77.52, 72.91, 67.55, 61.80; 13C NMR 
(1135B, CD3CN, 90.56 MHz) 189.47, 159.17, 154.71, 141.79,
138.92, 135.29, 133.01, 131.00, 129.93, 120.03, 117.34,
116.30, 95.86, 78,44, 73.80, 67.73, 61.61? 13C NMR (1186, 
DMSO-dg, 90.56 MHz) 157.99, 153.46, 140.67, 138.25, 133.94,
129.72, 129.33, 117.20, 116.30, 115.06, 94.68, 77.54, 72.88, 
66.11, 60.09? MS, m/z (1075.D) 326 (5), 324 (11), 322 (6 ), 
309 (2), 308 (6 ), 307 (5), 306 (12), 305 (5), 304 (6 ), 282
(43), 281 (32), 280 (100), 279 (57), 278 (53), 277 (29), 252
(7), 250 (6 ), 248 (2), 143 (16), 63 (21).
Anal. Calcd for CgHgBr2C>3 (324): C, 33.33; H, 2.47. 
Found: C, 33.63? H, 2.56.
Long range Cosy spectrum (1248) was obtained on 57 in 
acetonitrile (see Appendix).
3#5-Dichloro-2-(2-hydroxyethoxy)-benzaldehyde (31): 
General procedure E was followed with 740 mg (3.47 mmol) of 
sodium salt 43 with a 24-h stirring period. Recrystalliza­
tion of the orange solid from ethanol/water gave 187 mg 
(23%) of 3,5-dichloro-2-(2-hydroxyethoxy)-benzaldehyde as a 
white solid: mp 127-128 °C (lit.29 mp 127-129 °C); IR
(8372) 3520-3100, 3070, 2960-2800, 1450, 1420, 1300, 1290,
1205, 1175, 1075,950, 925, 850, 810, 740? NMR (431A,
CDC13, 360 MHz) 10.29 (s, 1.0 H, CHO), 7.69 (d, J = 2.5 Hz,
1.0 H, Ar H [C]), 7.61 (d, J = 2.5 Hz, 1.0 H, Ar H [C]),
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7.40 (d, J = 2.5 HZ, 0.7 H, Ar H [R]) , 7.33 (d, J = 2.5 Hz, 
0.7 H, Ar H [R]), 5.86 (S, 0.7 H, OCHO), 4.28-3.90 (m, 8.2 
H, OCH2CH20 [C] and [R]), 3.34 (br s, 0.8 H, OH [R]), 2.35 
(br s, 1.0 H, OH [C]); -^H NMR (752A, CD3CN, 360 MHz) 10.35 
(s, 1.0 H, CHO), 7.76 (d, J = 2.6 Hz, 1.1 H, Ar H [C]) , 7.68 
(d, J * 2.6 Hz, 1.1 H, Ar H [C]), 7.41 (d, J = 2.5 Hz, 2.1
H, Ar H [R]), 7.38 (d, J = 2.5 Hz, 2.1 H, Ar H [R]), 5.79
(d, J = 5.0 Hz, 2.1 H, OCHO), 5.26 (d, J = 5.0 Hz, 1.9 H, OH
[R]), 4.25-3.80 (m, 14.8 H, 0CH2CH20 [C] and [R] ) , 3.21 (t,
J = 5.5 Hz, 1.0 H, OH [C]); %  NMR (871A, DMSO-d6, 360 MHz) 
10.33 (S, 1.0 H, CHO), 8.01 (d, J = 2.63 Hz, 1.0 H, Ar H
[C]), 7.63 (d, J = 2.63 Hz, 1.0 H, Ar H [C]), 7.55 (d, J
=2.58 Hz, 5.3 H, Ar H [R]), 7.41 (d, J = 5.0 Hz, 6.5 H, OH
[C]), 7.39 (d, J = 2.58 Hz, 6.5 H, Ar H [R]), 5.77 (d, J =
5.0 HZ, 6.8 H, OCHO), 4.97 (t, J = 5.2 Hz, 1.1 H, OH [C]),
4.26-3.70 (m, 34.0 H, 0CH2CH20 [R] and [C]) ; 13C NMR (431B,
CDC13 , 90.56 MHZ) 188.17, 155.93, 151.99, 136.47, 135.71,
131.27, 130.60, 129.82, 129.62, 128.85, 127.95, 127.24,
124.49, 95.88, 77.21, 73.05, 67.61, 61.76; 13C NMR (752B, 
CD3CN, 90.56 MHZ) 189.51, 157.69, 153.24, 138.79, 136.19,
132.67, 130.57, 129.73, 128.68, 127.64, 127.15, 126.28, 
95.96, 78.17, 73.96, 67.78, 61.62? 13C NMR (871B, DMSO-dg,
90.56 MHz) 188.76, 156.53, 152.03, 138.09, 135.23, 131.52,
129.30, 129.06, 128.55, 126.94, 126.13, 126.00, 125.78, 
94.76, 77.32, 73.03, 66.12, 60.11; MS, m/z (801) 238 (2),
237 (2), 236 (11), 235 (3), 234 (16), 206 (2), 204 (4), 194
72
(10), 193 (12), 192 (61), 191 (44), 190 (100), 189 (54), 176
(3), 174 (10), 97 (16)y Rf 0.17 (chloroform);
3,5-Diiodo-2-(2-hydroxyethoxy) -benzaldehyde (58) : 
General procedure E was followed with 3.126 g (7.89 mmol) of 
sodium salt 44 and a 21-h stirring period. Recrystalliza­
tion of the orange-white solid from ethanol afforded 500 mg 
(15%) of 59 as a tan-white solid: mp 140-142 °C; IR (8996)
3500-3100, 3060, 3050, 2970-2800, 1565, 1440, 1420, 1375, 
1300, 1285, 1215, 1165, 1075, 1020, 940, 920, 845, 685; 1H
NMR (1189A, CDC13, 360 MHz) 10.18 (s, 1.0 H, CHO), 8.31 (d,
J = 2.1 HZ, 1.0 H, Ar H [C]), 8.07 (d, J = 2.1 Hz, 1.0 H, Ar 
H [C]), 8.01 (d, J = 2.0 Hz, 1.2 H, Ar H [R]) , 7.76 (d, J =
2.0 Hz, 1.2 H, Ar H [R]), 5.82 (d, J =  5.0 Hz, 1.2 H, OCHO), 
4.25-3.87 (m, 9 H, 0CH2CH20 [C] and [R]), 3.17 (d, J = 5.0 
Hz, 1.1 H, OH [R]), 2.29 (m, 1.0 H, OH [C])y XH NMR (1209,
CD3CN, 360 MHz) 10.23 (s, 1.0 H, CHO), 8.41 (d, J = 1.9 Hz,
1.0 H, Ar H [C]), 8.06 (d, J = 1.8 Hz, 2.6 H, Ar H [R]),
8.03 (d, J = 1.9 Hz, 1.0 H, Ar H [C]), 7.73 (d, J = 1.8 Hz,
2.7 H, Ar H [R]), 5.74 (d, J = 4.5 Hz, 2.6 H, OCHO), 5.19
(d, J  - 4.5 HZ, 2.2 H, OH [R]), 4.20-3.79 (m, 18.5 H,
0CH2CH20 [C] and [R]), 3.22 (t, J = 5.5 Hz, 1.2 H, OH [C]) 7 
■^H NMR (1229A, DMSO-d6, 360 MHz) 10.22 (s, 1.0 H, CHO), 8.43 
(d, J  = 2.1 HZ, 0.9 H, Ar H [C]), 8.00 (d, J = 2.0 Hz, 7.0 
H, Ar H [R]), 7.92 (d, J = 2.1 HZ, 1.0 H, Ar H [C]), 7.69 
(d, J = 2.0 Hz, 7.2 H, Ar H [R]), 7.32 (d, J = 5.0 Hz, 7.3
73
H, OH [R]) , 5.70 (d, J * 5.0 Hz, 7.4 H, OCHO), 5.00 (t, J =
5.2 Hz, 0.8 H, OH [C]), 4.20-3.74 (m, 35.6 H, OCH2CH20 [C] 
and [R]); 13C NMR (1189B, CDC13, 90.56 MHz) 188.05, 160.59, 
156.66, 152.55, 146.38, 139.02, 136.14, 135.86, 131.21, 
95.61, 94.64, 92.53, 89.31, 87.69, 77.96, 72.76, 67.36, 
61.83; 13C NMR (1222, CD3CN, 90.56 MHz) 189.62, 162.39,
157.89, 153.17, 146.60, 138.32, 138.05, 136.98, 132.50, 
95.70, 93.10, 89.40, 87.48, 78.92, 73.64, 67.60, 61.63; 13C 
NMR (1229B, DMSO-d6, 90.56 MHz) 189.13, 156.55, 155.82,
151.73, 144.90, 137.36, 136.51, 135.93, 131.32, 96.35,
94.53, 93.61, 90.35, 87.99, 77.87, 72.59, 66.09, 60.05; MS, 
m/z (1080.D) 419 (3), 418 (35), 417 (1), 401 (6 ), 400 (28), 
375 (11), 374 (100), 373 (39), 345 (2), 246 (14), 218 (16), 
189 (12), 75 (16), 74 (19), 63 (24), 62 (21); Rf 0.49 
(chloroform).
Anal. Calcd for C9H8I203 (418): C, 25.84; H, 1.91. 
Found: C, 25.81; H, 2.10.
3-Phenyl-2-(2-hydroxyethoxy)-benzaldehyde (59): When
375 mg (1.70 mmol) of sodium salt 45 was used according to 
procedure E with a 24-h stirring period, a yellow-orange oil 
was isolated. Preparative TLC with ethyl acetate/hexane 
(1 :2 , v/v) followed by ethyl acetate/hexane (1 :1 , v/v) 
afforded 88 mg (21%) of 3-phenyl-2-(2-hydroxyethoxy)-benzal­
dehyde as a yellow oil: Rf 0.14 (chloroform); IR (8591)
3650-3000, 3050, 3020, 3000-2800, 2730, 1680, 1580, 1570,
74
1490, 1455, 1420, 1385, 1365, 1235, 1210, 1065, 1015, 890, 
785, 750, 725, 685; XH NMR (515A, CDCl3, 360 MHz, TMS refer­
ence) 10.41 (s, 1.0 H, CHO), 7.83 (dd, J = 7.6, 1.7 Hz, 1.0
H, Ar H [C]), 7.61 (dd, J - 7.6, 1.7 Hz, 1.0 H, Ar H [C]), 
7.57-7.38 (Jil, 5.5 H, Ar H [C] and [R]), 7.33 (t, J = 7.6 Hz,
I.0 H, Ar H [C]), 7.15 (t, J = 7.6 Hz, 0.1 H, Ar H [R]),
5.97 (S, 0.1 H, OCHO), 4.26-3.99 (m, 0.4 H, OCH2CH20 [R]) , 
3.72-3.61 (m, 4.0 H, 0CH2CH20 [C]), 2.41 (br s, 1.0 H, OH 
[C]), 1.81 (br s, 0.1 H, OH [R]); XH NMR (816A, CD3CN, 360 
MHz) 10.50 (s, 1.0 H, CHO), 7.78 (dd, J - 7.7, 1.7 Hz, 1.0 
H, Ar H [C]), 7.65-7.11 (m, 10.2 H, Ar H [C] and [R]), 5.87 
(br S, 0.24 H, OCHO), 4.88 (br s, 0.3 H, OH [R]), 4.17-3.81 
(m, 1.4 H, OCH2CH20 [R]), 3.61-3.4 (m, 4.4 H, 0CH2CH20 [C]), 
2.86 (m, 1.0 H, OH [C]); %  NMR (517A, DMSO-d6, 360 MHz) 
10.48 (s, 1.0 H, CHO), 7.72 (dd, J = 7.7, 1.7 Hz, 1.0 H, Ar 
H [C]), 7.65 (dd, J = 7.7, 1.7 Hz, 1.0 H, Ar H [C]), 7.56- 
7.22 (m, 9.0 H, Ar H [C] and [R]), 7.12 (t, J = 7.6 Hz, 0.4 
H, Ar H [R]), 5.78 (s, 0.4 H, OCHO), 4.10-3.76 (m, 1.7 H, 
OCH2CH20 [R]), 3.63-3.61 (br s, H20 and OH [C] and [R]), 
3.54-3.40 (m, 4.0 H, 0CH2CH20 [C]),* 13C NMR (515B, CDCl3,
90.56 MHz) 190.83, 158.59, 154.34, 138.01, 137.29, 137.04,
136.29, 134.39, 134.30, 130.90, 129.71, 129.58, 129.36,
129.01, 128.85, 128.75, 128.63, 128.46, 128.15, 127.98,
127.01, 126.34, 124.61, 123.63, 96.93, 76.67, 72.95, 66.64, 
61.43; 13C NMR (816B, CD3CN, 90.56 MHz) 191.67, 160.39, 
155.55, 139.31, 138.18, 138.11, 136.93, 136.35, 134.94,
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131.30, 130.91, 130.27, 129.88, 129.49, 129.45, 128.91, 
128.69, 128.21, 127.88, 127.21, 125.42, 124.21, 97.04,
77.25, 73.87, 67.47, 61.50? 13C NMR (517B, DMSO-d6, 90.56 
MHz) 191.27, 159.68, 154.62, 138.32, 137.59, 137.10, 135.91,
135.71, 133.73, 130.35, 129.87, 129.50, 128.99, 128.95, 
128.38, 1288.16, 127.24, 127.00, 126.70, 124.97, 123.48,
95.89, 76.50, 73.04, 66.57, 60.00? MS, m/z (829) 243 (4),
242 (20), 225 (7), 224 (32), 198 (46), 197 (43), 169 (15), 
165 (6), 152 (35), 121 (6 ), 86 (100), 84 (100)? HRMS Calcd 
for C3.5Hu.4O3 242.0943, Found (m/z) 242.0938.
3-Methyl-2-(2-hydroxyethoxy)-benzaldehyde (60):
General procedure E was used with 1.01 9 (6.39 mmol) of 
sodium salt 46 and the reaction mixture was stirred for 6 h. 
Purification was accomplished by passing the yellow oil 
through a silica gel plug (20 x 20 mm) with chloroform 
followed by preparative TLC with ethyl acetate/hexane (1:1, 
v/v) to afford 175 mg (15%) of 3-methyl-2-(2-hydroxyethoxy) - 
benzaldehyde as a light yellow oil, which solidified upon 
refrigeration to a yellow-white solid: mp 75-78 °C? Rf 0.07
(Chloroform)? IR (8414) 3600-3200, 3060, 3000, 2980-2800, 
2740, 1680, 1590, 1465, 1345, 1280, 1250, 1200, 1190, 1150, 
1090, 1045, 950, 935, 895, 885, 875, 770? ^H NMR (294,
CDCI3 , 360 MHZ) 1041 (s, 1.0 H, CHO), 7.66 (d, J =7.7 Hz,
1.1 H, Ar H [C]), 7.41 (m, 1.2 H, Ar H [C]), 7.24-7.20 (m,
Ar H [R] and CHC13), 7.14-7.10 (m, 2.1 H, Ar H [R] and [C]),
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6.94 (t, J - 7.6 Hz, 1.1 H, Ar H [R]), 5.64 (s, 1.0 H,
OCHO), 4.27-3.94 (m, 8.9 H, 0CH2CH20 [R] and [C]), 2.33 (s,
3.2 H, CH3 [C]), 2.24 (s, 3.2 H, CH3 [R]), 1.5 (s, H20 and
OH [R] and [C]); -^H NMR (287A, DMSO-d6, 360 MHz) 10.38 (s,
1.0 H, CHO), 7.57-7.53 (m, 2.1 H, Ar H [C]), 7.22-7.08 (m,
2.3 H, Ar H [R] and [C]), 6.91 (t, J = 7.5 Hz, 0.6 H, Ar H
[R]), 5.72 (s, 0.6 H, OCHO), 4.13-3.69 (m, 9.0 H, H20 and 
OCH2CH0 , OH [R] and [C]), 2.30 (s, 3.8 H, CH3 [C]), 2.12 (S,
1.7 H, CH3 [R])? 13C NMR (283A, CDC13, 90.56 MHz) 190.59, 
160.29, 155.68, 137.54, 132.37, 131.78, 131.02, 129.82, 
129.34, 126.52, 125.17, 124.39, 122.94, 102.94, 74.70,
72.18, 67.35, 67.16, 16.14, 15.82; 13C NMR (287B, DMSO-d6,
90.56 MHZ) 190.98, 160.48, 155.68, 137.71, 134.54, 132.46,
130.20, 129.06, 128.99, 125.52, 124.74, 124.30, 122.49, 
95.76, 77.35, 72.03, 66.40, 60.25, 16.04, 15.54? MS, m/z 
(816A) 181 (2), 180 (8), 164 (16), 163 (92), 162 (47), 136 
(48), 135 (100), 134 (26), 91 (31), 77 (37).
Semicarbazone (procedure D): mp 186-189 °C; MS, m/z
(826) 238 (2), 237 (11), 219 (2), 177 (2), 163 (21), 134 
(26), 133 (100), 132 (17), 105 (22), 91 (17), 77 (18);
Anal. Calcd for C ^ H ^ N ^  (237): C, 55.69; H, 6.37; N,
17.71. Found: C, 55.82; H, 6.53; N, 17.78.
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Preparation of 2-(2-Hydroxyethoxy) -benzaldehyde (34) from 
the Sodium Salt of Salicylaldehyde.
A mixture of 200 mg (1.39 mmol) of sodium salt 37, 100 
mg (0.67 mmol) of sodium iodide, and 0.5 mL (600 mg / 7.5 
mmol) of 2-chloroethanol in 10 mL of DMF was magnetically 
stirred at room temperature for 46 h. The reaction mixture 
was concentrated under reduced pressure to a black residue. 
The residue was dissolved in 60 mL of water, and the aqueous 
layer was extracted with 4 x 30 mL of diethyl ether. The 
ehter extracts were combined and extracted with 2 x 30 mL of 
10% aqueous NaOH. The organic layer was dried (MgSC>4 ), 
filtered, and concentrated under reduced pressure to afford 
20.5 mg (9%) of 34 as an orange oil. The IR spectrum (7336) 
was identical to that of material prepared by alkylation in 
aqueous base.
Preparation of 5-Bromo-2-(2-hydroxyethoxy)-benzaldehyde from 
5-Bromosalicylaldehyde with 2-Chloroethanol in Aqueous Base.
A mixture of 2.276 g (11.3 mmol) of 5-bromosalicylalde- 
hyde, 169.5 mg (1.13 mmol) of sodium iodide, and 453 mg 
(11.3 mmol) of sodium hydroxide in 40 mL of water was 
magnetically stirred at room temperature for 15 min. To 
this yellow solution was added 2.9 mL (3.46 g / 0.043 mol) 
of 2-chloroethanol. The reaction mixture was magnetically 
stirred at room temperature for 5.5 d. The basic reaction 
mixture was decanted from the yellow precipitate and
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extracted with 2 x 75 mL of methylene chloride. The yellow 
solid was transferred to a separatory funnel with 
water/methylene chloride (50 mL/100 mL). The methylene 
chloride was extracted with 2 x 75 mL of 5% aqueous NaOH and 
then combined with the 2 x 75 mL methylene chloride 
extracts. The methylene chloride layer was washed with 50 
mL of water, dried (MgS04), filtered, and concentrated in 
vacuo to afford a pale white solid. The solid was 
recrystallized from hexane to afford 142.5 mg (5%) of 5- 
bromo-2-(2-hydroxyethoxy)-benzaldehyde (55) as a white 
solid: mp 80-81 °C; IR (9062) 3650-3100, 3080, 3060, 2940,
2870, 1675, 1660, 1590, 1475, 1395, 1265, 1230, 1175, 1115, 
1065, 1035, 910, 885, 795,650; *H NMR (1301A, CDC13, 360 
MHZ) 10.38 (s, 1 H, CHO), 7.91 (d, J » 2.6 Hz, 1 H, Ar H), 
7.62 (dd, J = 8.9, 2.6 Hz, 1 H, Ar H), 6.90 (d, J = 8.9 Hz,
1 H, Ar H), 4.2-4.17 (m, 2 H, ArOCH2), 4.05-4.0 (m, 2 H, 
CH20), 2.01 (t, J = 6.0 Hz, OH); XH NMR (1313A, CD3CN, 360 
MHZ) 10.41 (S, 1 H, CHO), 7.81 (d, J = 2.6 Hz, 1 H, Ar H), 
7.69 (dd, J - 8.9, 2.6 Hz, 1 H, Ar H), 7.08 (d, J = 8.9 Hz,
1 H, Ar H), 4.16-4.13 (m, 2 H, ArOCH2) , 3.86-3.83 (m, 2 H, 
CH20), 2.15 (br s, H20 and OH [R] and [C]); XH NMR (1331A, 
DMS0-d6, 360 MHz) 10.36 (s, 1 H, CHO), 7.78 (dd, J = 8.9,
2.6 Hz, 1 H, Ar H), 7.71 (d, J - 2.6 Hz, 1 H, Ar H), 7.23 
(d, J = 8.9 HZ, 1 H, Ar H), 4.98 (t, J = 5.8 Hz, 1 H, OH), 
4.16-4.13 (m, 2 H, ArOCH2), 3.77-3.73 (m, 2 H, CH20); 13C 
NMR (1301B, CDCI3, 90.56 MHz) 188.10, 159.77, 138.31,
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131.81, 126.39, 114.98, 114.00, 70.45, 61.15; 13C NMR 
(1313B, CD3CN, 90.56 MHz) 189.36, 161.45, 139.15, 130.87,
127.31, 116.86, 113.69, 71.89, 60.92; 13C NMR (1331B, DMSO- 
dg, 90.56 MHZ) 188.66, 160.32, 138.45, 129.43, 125.90, 
116.64, 112.44, 71.06, 59.37; MS, m/z (1091.D) 247 (2), 246 
(20), 245 (3), 244 (21), 202 (87), 201 (100), 200 (99), 199 
(88), 184 (15), 182 (14), 156 (10), 154 (10), 63 (22).
Anal. Calcd for CgH9Br0 3 (245): C, 44.26; H, 3.69. 
Found: C, 44.28; H, 3.82.
The original basic aqueous layer and extracts were 
combined and made strongly acidic, pH = 2 by litmus, by 
addition of concentrated HCl. The acidic aqueous layer was 
extracted with 2 x 75 mL of methylene chloride. The 
methylene chloride extracts were combined, washed with 
water, dried (MgS0 4 ), filtered, and concentrated under 
reduced pressure to afford 2.008 g (88% recovery) of 5- 
bromosalicy1aldehyde as a white solid. The IR spectrum 
(9057) of this solid was identical to that of starting 
material.
Alkylation of 5-Bromosalicylaldehyde with 2-Bromoethanol/ 
Potassium Carbonate.
A mixture of 1.0 g (4.98 mmol) of 5-bromosalicylalde- 
hyde, 2.0 g (14.5 mmol) of potassium carbonate, and 1.5 mL 
(851 mg / 6.81 mmol) of 2-bromoethanol in 15 mL of DMF was 
magnetically stirred at room temperature for 4 d in a 100-mL
80
round-bottomed flask fitted with a drying tube. The 
reaction mixture was poured into 100 mL of chilled 5% 
aqueous NaOH, and the basic aqueous layer was extracted with 
6 x 40 mL of methylene chloride. The methylene chloride 
extracts were combined, washed with 2 x 50 mL of water, 
dried (MgS04), and filtered. The organic layer was 
concentrated under reduced pressure to afford an orange oil. 
Preparative TLC with chloroform afforded 370.5 mg of a 
yellow oil which solidified upon standing. The MS spectrum 
(1093.D) indicated that the solid was a mixture of 5-bromo-
2-(2-hydroxyethoxy)-benzaldehyde [MW = 244], 5-bromo-2-(5- 
hydroxy-3-oxa-pentyloxy)-benzaldehyde [MW = 288], and 5- 
bromo-2-(8-hydroxy-3,6-dioxa-octyloxy)-benzaldehyde [MW = 
332]. However, the IR spectrum (9024) resembled that of 5- 
bromo-2-(2-hydroxyethoxy)-benzaldehyde. The mixture was not 
quantified. Attempts to separate the components by TLC with 
varying eluent concentrations of chloroform/ethanol and 
chloroform/ethanol/toluene or by recrystallization with 
hexane or ethyl acetate/cyclohexane were unsuccessful.
The basic aqueous layer was made strongly acidic, pH =
2 by litmus, by slow addition of concentrated HCl. The 
acidic layer was extracted with 3 x 50 mL of methylene 
chloride. The methylene chloride extracts were combined, 
washed with water, dried (MgS04), filtered, and concentrated 
in vacuo to afford 474 mg (47% recovery) of 5-bromosalicyl-
81
aldehyde as a pale white solid. The IR spectrum (9058) of 
this solid was identical to that of starting material.
Alkylation of 3-Bromosalicylaldehyde with 2-Bromoethanol/ 
Potassium Carbonate.
A 10-mL round-bottomed flask fitted with a drying tube 
and magnetic stirring bar was charged with 91 mg (0.45 mmol) 
of 3-bromosalicylaldehyde, 188 mg (1.36 mmol) of potassium 
carbonate, 69 mg (0.45 mmol) of sodium iodide, 0.3 mL (510 
mg / 4.10 mmol) of 2-bromoethanol, and 3 mL of DMF. The 
reaction mixture was magnetically stirred for 16 d and then 
poured into 25 mL of 5% aqueous NaOH. The aqueous layer was 
filtered and extracted with 4 x 25 mL of methylene chloride. 
The methylene chloride extracts were combined, washed with 
10 mL of water, dried (MgS04) and filtered. The organic 
layer was concentrated under reduced pressure to afford a 
dark brown oil. Preparative TLC (3 elutions) with 
chloroform afforded 13 mg (12%) of yellow-white solid, which 
was assigned to 3-bromo-2-(2-hydroxyethoxy)-benzaldehyde
(56). Recrystallization from hexane afforded a white solid, 
which was a mixture of benzaldehyde 56 and hexane 
(approximately 1:0.2 as determined by -^H NMR). Attempts to 
remove the hexane under reduced pressure with heating below 
the melting point were unsuccessful: mp 68-70 °C; Rf 0.15
(chloroform); XH NMR (1056A, CDC13, 360 MHz) 10.40 (d, J = 
0.78 HZ, 1 H, CHO), 7.78 (m, 2 H, Ar H [C] and [R]), 7.49
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(dd, J - 7.9, 1.6 Hz, 1 H, Ar H [C]), 7.31 (m, 1 H, Ar H 
[R]), 7.11 (m, 1 H, Ar H [C]), 6.93 (t, J * 7.9 Hz, 1 H, Ar 
H [R]), 5.64 (S, 1 H, OCHO), 4.4-4.01 (m, 8 H, OCH2CH20 [R] 
and [C]), 1.52 (s, H20 and OH [R] and [C]); 3H NMR (1068A, 
CD3CN, 360 MHZ) 10.34 (d, J * 0.77 Hz, 1 H, CHO), 7.86 (dd,
J = 7.9, 1.7 Hz, 1 H, Ar H [C]), 7.73 (dd, J = 7.7, 1.6 Hz,
1 H, Ar H [R]), 7.53 (dd, J = 7.9, 1.7 Hz, 1 H, Ar H [C]), 
7.29 (ddd, J = 7.7, 1.6, 0.5 Hz, 1 H, Ar H [R]), 7.18 (td, J
= 7.9, 0.77 Hz, 1 H, Ar H [C]), 6.95 (t, J = 7.7 Hz, 1 H, Ar
H. [R]), 5.65 (S, 1 H, OCHO), 4.40-3.97 (m, 4 H, OCH2CH20 [C] 
and [R]), 2.24 (br s, H20 and OH [R] and [C]); XH NHR (1253, 
DMSO-d6, 360 MHz) 10.28 (s, 1 H, CHO), 7.96 (dd, J = 7.9,
I.6 HZ, 1 H, Ar H [C]), 7.70 (dd, J = 7.8, 1.6 Hz, 1 H, Ar H
[R]), 7.56 (dd, J = 7.9, 1.6 Hz, 1 H, Ar H [C]), 7.29-7.23
(m, 2 H, Ar H [R] and [C])f 6.97 (t, J = 7.8 Hz, 1 H, Ar H 
[R]), 5.71 (S, 1 H, OCHO), 4.38-3.99 (m, 4 H, OCH2CH20 [C] 
and [R]), 3.34 (br s, H20 and OH [R] and [CJ; 13C NHR 
(1056B, CDC13, 90.56 MHz) 189.39, 139.39, 133.21, 127.85, 
126.60, 125.81, 124.45, 115.86, 102.19, 77.76, 74.79, 72.77, 
67.43; 13C NMR (1068B, CD3CN, 90.56 MHz) 190.40, 159.58,
140.20, 135.16, 133.84, 132.09, 128.47, 127.90, 126.83, 
125.16, 116.11, 102.63, 75.70, 73.71, 68.13, 67.29; 13C NMR 
(1108, DMSO-d6, 90.56 MHz) 189.55, 139.38, 132.84, 127.71, 
127.22, 126.21, 124.26, 101.09, 74.72, 72.69, 66.96, 65.89; 
MS, m/z (1029.D) 246 (3), 244 (3), 228 (28), 226 (25), 202 
(59), 201 (97), 200 (70), 199 (100), 198 (21), 185 (9), 184
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(20), 183 (8 ), 182 (18), 157 (9), 156 (8), 155 (9), 154 (7), 
92 (28), 75 (31), 63 (45)7 HRMS Calcd for C9H9 Br03 243.9735, 
Found (m/z) 243.9741.
The acetonitrile NMR sample was concentrated under 
reduced pressure with heating and a yellow solid was left in 
the flask. The melting point of this solid was 122-126 °C. 
■'■H NMR of this solid showed it to be 3-bromo-2-(2-hydroxy- 
ethoxy) -benzaldehyde.
Preparation of 3,5-Dibromo-2- (2-hydroxyethoxy) -benzaldehyde
(57) from 3,5-Dibromosalicylaldehyde with 2-Bromoethanol/ 
Potassium Carbonate.
A mixture of 1.54 g (5.5 mmol) of 3,5-dibromosalicylal- 
dehyde, 3.8 g (27.5 mmol) of potassium carbonate and 0.9 mL 
(1.72 g / 14.0 mmoL) of 2-bromoethanol in 20 mL of DMF was 
magnetically stirred at room temperature for 8 d. The 
yellow reaction mixture was poured into 200 mL of 5% aqueous 
NaOH, and the basic aqueous layer was extracted with 4 x 60 
mL of methylene chloride. The methylene chloride extracts 
were combined, washed with 3 x 50 mL of water and 50 mL of 
5% aqueous NaOH, dried (MgSO^, filtered, and concentrated 
in vacuo to afford a red oil. A white solid precipitated' 
upon addition of ethanol and was collected by suction. 
Recrystallization from ethanol afforded 50 mg (3%) of 57.
The IR spectrum (8984) of this solid was identical to that 
of material obtained by alkylation of the sodium salt.
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The basic aqueous layers were combined and acidified bo 
pH = 2, as indicated by litmus paper, by slow addition of 
concentrated HCl. A light brown solid precipitated from the 
aqueous layer and was collected by suction to give 1.2 g 
(77% recovery) of 3,5-dibromosalicylaldehyde. The IR 
spectrum (8979) matched that of starting material.
Preparation of 3,5-Dichloro-2 - ( 2 -hydroxyethoxy) -benzaldehyde 
(31) from 3,5-Dichlorosalicylaldehyde with 2-Bromoethanol/ 
Sodium Hydroxide.
A mixture of 1.165 g (6.1 mmol) of 3,5-dichlorosali- 
cylaldehyde and 244 mg (6.1 mmol) of sodium hydroxide in 55 
mL of water was magnetically stirred at room temperature for 
20 min. To the yellow mixture was added 0.3 mL (4.05 g /
32.4 mmol) of 2-bromoethanol, and the heterogeneous reaction 
mixture was stirred at room temperature for 9 d. The yellow 
solid was filtered by suction and washed with 40 mL of 
diethyl ether, and the filtrate was extracted with diethyl 
ether. The ether extracts and washings were combined and 
extracted with 10% aqueous NaOH until no more salicylalde- 
hyde was present in the organic layer as determined by TLC. 
The organic phase was dried (MgSO^, filtered, and concen­
trated under reduced pressure to afford 119.5 mg (20%) of 31 
as a white solid. The sample was recrystallized from 
ethanol/water: mp 127-129 °C. The IR spectrum (8134) was
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identical to that of material prepared by alkylation of the 
sodium salt.
The collected yellow solid was air-dried and the IR 
spectrum (8182) was identical to that of the sodium salt of 
3,5-dichlorosalicylaldehyde (43).
The basic aqueous extracts were combined and acidified 
to pH = 2 by slow addition of concentrated HCl. A white- 
yellow solid precipitated from the aqueous solution and was 
collected by suction and air-dried to afford recovered 3,5- 
dichlorosalicylaldehyde: mp 90-94 °C.
Acetylation of 3-Methyl-2-(2-hydroxyethoxy)-benzaldehyde 
with Sodium Acetate/Acetic Anhydride.
A 25-mL round-bottomed flask fitted with a septum and 
syringe needle was charged with 30 mg (0.17 mmol) of 3- 
methyl-2-(2-hydroxyethoxy)-benzaldehyde, 50 mg (0.61 mmol) 
of anhydrous sodium acetate and 3 mL of acetic anhydride.
The colorless reaction mixture was heated with a steam bath 
for 3 h and then poured into 50 mL of chilled water. Sodium 
bicarbonate was added to the aqueous solution until the pH 
was 8 by litmus paper. The aqueous layer was extracted with 
3 x 30 mL of methylene chloride. The organic extracts were 
combined, dried (MgS04), filtered, and concentrated under 
reduced pressure to afford an orange oil. Preparative TLC 
with ethyl acetate/hexane (1 :2 , v/v) followed by column 
chromatography (100 x 20 mm) with chloroform and then
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preparative TLC with chloroform afforded 5.5 mg (15%) of a 
yellow oil, which was assigned to 3-methyl-2-(2-hydroxy- 
ethoxy)-benzaldehyde (61): Rf 0.29 (chloroform); IR (8450)
3000-2800, 1735, 1680, 1580, 1455, 1300-1170, 1150-970, 775; 
XH NHR (268A, CDCI3 , 360 MHz) 10.39 (s, 1 H, CHO), 7.67 (d,
J - 7.6 Hz, 1 H, Ar H), 7.43 (d, J - 7.6 Hz, 1 H, Ar H), 
7.14 (t, J = 7.6 HZ, 1 H, Ar H), 4.43-4.40 (m, 2 H,
Ar0CH2), 4.15-4.12 (m, 2 H, CH2OC0), 2.33 (s, 3 H, ArCH3), 
2.09 (S, 3 H, 02CCH3); 13C NMR (268B, CDCl3, 90.56 MHz) 
190.36, 170.87, 159.82, 137.65, 132.14, 129.29, 126.86, 
124.63, 73.02, 63.32, 20.82, 15.73; MS, m/Z (819) 222 (1), 
179 (4), 163 (2), 162 (10), 149 (14), 136 (34), 135 (53),
134 (24), 106 (18), 91 (29), 87 (100), 77 (37).
Semicarbazone (procedure D): mp 192-196 °C, MS, m/z
(825) 279 (3), 220 (2), 219 (1), 145 (66), 133 (13), 132 
(7), 91 (10), 87 (100), 77 (10).
Attempts to obtain an analytical sample of the 
benzaldehyde or its semicarbazone were unsuccessful.
Preparation of trans-4-(2-(2-Hydroxyethoxy)-5-bromo-phenyl)-
3-buten-2-one (62).
A solution of 1.582 g (7.09 mmol) of 5-bromosalicyl- 
aldehyde sodium salt (40) in 25 mL of DMF was magnetically 
stirred and purged with N2 for 20 min. To this solution was 
added 1.3 mL (2.216 g / 17.7 mmol) of 2-bromoethanol, and 
the reaction mixture was stirred at room temperature for 12
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h. The reaction mixture was poured into 100 mL of chilled 
5% aqueous NaOH. By accident, 100 mL of methanol was added 
to the basic aqueous solution. The methanol was removed 
under reduced pressure, and the aqueous layer was extracted 
with 6 x 40 mL of methylene chloride. The organic extracts 
were combined, washed with 3 x 60 mL of water, dried 
(MgS04), and filtered. The organic layer was concentrated 
under reduced pressure to afford an orange oil. Preparative 
TLC with chloroform afforded 225.5 mg (11%) of 62 as a white 
solid. A pure sample was obtained by recrystallization from 
ethyl acetate/hexane: Rf 0.29; mp 100-102 °C; IR (8950)
3600-3000, 3070, 3050, 2940, 2920, 2860, 1665, 1640, 1615, 
1585, 1480, 1445, 1370, 1360, 1280, 1240, 1185, 1075, 1040, 
975, 890, 875, 805, 800; *H NMR (1093A, CDC13, 360 MHz) 7.77 
(d, J = 16.4 Hz, 1 H, ArCH), 7.64 (d, J = 2.4 Hz, 1 H, Ar 
H), 7.42 (dd, J = 8 .8 , 2.4 Hz, 1 H, Ar H), 6.81 (d, J = 8.8 
Hz, 1 H, Ar H), 6.72 (d, J = 16.4 Hz, 1 H, COCH), 4.14-4.11 
(m, 2 H, ArOCH2), 4.04-3.99 (m, 2 H, CH20 ), 2.35 (s, 3 H, 
C0CH3), 2.07 (t, J =6.0 HZ, 1 H, OH); 13C NMR (1093B, CDC13,
90.56 MHZ) 198.34, 156.42, 136.53, 134.11, 130.76, 128.39,
125.73, 114.24, 113.70, 70.32, 61.25, 27.89; MS, m/z 
(1070.D) 287 (1), 286 (9), 285 (1), 284 (9), 241 (1), 239 
(1), 227 (38), 225 (100), 223 (62), 118 (17), 102 (6 ), 89 
(9).
Anal. Calcd for Ci2Hi3Br03 (284): C, 50.70; H, 4.58. 
Found: C, 50.34; H, 4.56.
88
Alkylation of Salicylaldehyde with 2-Chloroethanol/Sodium 
Hydroxide in Water.54
A solution of 276 mg (2.26 mmol) of salicylaldehyde and
90.5 mg (2.26 mmol) of sodium hydroxide in 5 mL of water was 
magnetically stirred at room temperature for 15 min. To 
this bright yellow solution were added 0.45 mL (540 mg /
6.76 mmol) of 2-chloroethanol and a few crystals of sodium 
iodide. The reaction mixture was held at reflux for 8 h and 
then made strongly basic by addition of 5 mL of 10% aqueous 
NaOH. The aqueous layer was diluted with 5 mL of water and 
extracted with 3 x 10 mL of diethyl ether. The ether 
extracts were combined, washed with 10 mL of water, dried 
(MgS04), and filtered. The organic layer was concentrated 
under reduced pressure to afford 163 mg of a salicyl­
aldehyde- smelling yellow liquid. TLC analysis with toluene 
indicated that the oil was composed of salicylaldehyde (Rf 
0.57) and 2-(2-hydroxyethoxy)-benzaldehyde ( R f  0.0). Column 
chromatography on silica gel (7.5 x 2.5 mm) with toluene 
followed by ethyl acetate afforded 47.5 mg (12%) of 2-(2- 
hydroxyethoxy)-benzaldehyde as a yellow oil: Rf 0.36 (ethyl
acetate); IR (7162) 3650-3000, 3060, 3020, 2920, 2860, 2740, 
1675, 1595, 1475, 1445, 1280, 1235, 1065, 1035, 905, 745; XH 
NMR (13191, CDC13, 60 MHZ) 10.5 (s, 1 H, CHO), 8.0-6.85 (m,
4 H, Ar H), 4.5-3.5 (m, 4 H, 0CH2CH20), 3.2 (br s, 1 H, OH).
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Attempted Alkylation of Salicylaldehyde with 2-Chloroethanol 
and Benzyltrimethylammoninm Hydroxide as Base.
To a solution of 292 mg (2.39 mmol) of salicylaldehyde 
in 2 mL of acetone in a 25-mL round-bottomed flask was added
1.0 g of a 40% wt. solution of benzyltrimethyl ammonium 
hydroxide in methanol dissolved in 2 mL of acetone. To the 
bright yellow-green solution was added 0.48 mL (576 mg /
7.20 mmol) of 2-chloroethanol, and the reaction mixture was 
magnetically stirred at room temperature for 6 h. TLC with 
eluent ethyl acetate/hexane (1 :1 , v/v) indicated only 
salicylaldehyde present (Rf 0.86). The reaction mixture was 
concentrated in vacuo and diluted with 20 mL of water. The 
aqueous layer was extracted with 10 mL of diethyl ether, 
which was discarded, and then acidified to pH = 2, by litmus 
paper, by addition of concentrated HC1. The acidic layer 
was extracted with 3 x 50 mL of diethyl ether. The ether 
extracts were combined, washed with 20 mL of saturated 
aqueous NaCl, dried (MgS04), filtered, and concentrated 
under reduced pressure to afford 246 mg (84% recovery) of 
salicylaldehyde as an orange oil. The IR spectrum (7257) of 
this orange oil matched that of salicylaldehyde.
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Attempted Alkylation of Salicylaldehyde with 2-Chloroethanol 
and Benzyltrimethylammonium Hydroxide as Phase-transfer 
Agent.
A 50-mL round-bottomed flask was charged with 292 mg 
(2.39 mmol) of salicylaldehyde, 1.3 g of a 40% wt. solution 
of benzyltrimethyl ammonium hydroxide in methanol and 10 mL 
of water. To this yellow-green solution was added 0.48 mL 
(576 mg / 7.20 mmol) of 2-chloroethanol dissolved in 10 mL 
of methylene chloride. The two-phase reaction mixture was 
magnetically stirred at room temperature for 25 h. The 
methylene chloride layer was separated from the basic 
aqueous layer and then extracted with saturated aqueous 
Na2C03 until no more salicylaldehyde was detected in the 
organic layer by TLC with ethyl acetate/hexane (1:1, v/v). 
The methylene chloride layer was dried (MgS04), filtered, 
and concentrated under reduced pressure to afford 32.5 mg of 
an unidentified orange oil. The sodium bicarbonate extracts 
were combined and acidified to pH = 2 by slow addition of 
concentrated HCl with swirling. The acidic layer was 
extracted with 3 x 50 mL of methylene chloride. The 
methylene chloride extracts were combined, dried (MgS04), 
filtered, and concentrated under reduced pressure to afford 
245 (84% recovery) mg of salicylaldehyde as an orange 
liquid. The IR spectrum (7260) of this liquid was identical 
to that of salicylaldehyde.
91
The original basic aqueous layer was acidified to pH = 
2, by litmus paper, by slow addition of concentrated HC1 
with swirling. The acidic layer was extracted with 4 x 40 
mL of methylene chloride. The methylene chloride extracts 
were combined, dried (MgS0 4 ), and filtered. The solvent was 
removed in  vacuo to give 38 mg (13% recovery) of additional 
salicylaldehyde as an orange liquid. The IR spectrum (7261) 
of this liquid was identical to that of salicylaldehyde.
Alkylation of Salicylaldehyde with 2-Chloroethanol with 
Benzyltrimethylammonium Chloride as Phase-transfer Catalysis 
Agent.55
A solution of 210 mg (1.72 mmol) of salicylaldehyde, 90 
mg (2.25 mmol) of sodium hydroxide, and 46 mg (0.20 mmol) of 
benzyltrimethyl ammonium chloride in 10 mL of water was 
magnetically stirred for 1 h. The aqueous solution was 
added to a solution of 0.5 mL (600 mg / 7.50 mmol) of 2- 
chloroethanol in 10 mL of methylene chloride. The two-phase 
reaction mixture was allowed to stand at room temperature 
for 16 h, then magnetically stirred at reflux for 4 h. The 
methylene chloride layer was separated, extracted with 5 x 
20 mL of 10% aqueous NaOH, washed with 20 mL of saturated 
Nad, dried (MgSO,}), and filtered. The solvent was removed 
in vacuo to afford 8 mg (3%) of 2-(2-hydroxyethoxy)- 
benzaldehyde as an orange oil: Rf 0.29 (ethyl acetate/ 
hexane, 1:1, v/v); the IR spectrum (7271) was identical to
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that of material prepared by alkylation in basic aqueous 
medium.
The NaOH extracts were combined and acidified to pH =
2, by litmus paper, by slow addition of concentrated HCl 
with swirling. The acidic layer was extracted with 4 x 40 
mL of methylene chloride. The organic extracts were 
combined, dried (MgS04), and concentrated under reduced 
pressure to 148 mg (71% recovery) of salicylaldehyde as a 
yellow oil. The IR spectrum (7274) of this oil was 
identical to that of salicylaldehyde.
The original basic layer was acidified to pH = 2, by 
litmus paper, by slow addition of concentrated HCl with 
swirling. The acidic layer was extracted with 3 x 30 mL of 
methylene chloride. The organic extracts were combined, 
dried (MgSC>4 ), filtered, and concentrated in vacuo to afford 
50 mg of an orange oil. TLC analysis of this oil with ethyl 
acetate/hexane (1 :1, v/v) indicated that it was a mixture of 
salicylaldehyde and 2-(2-hydroxyethoxy)-benzaldehyde and 
that the salicylaldehyde was the predominant component. 
Redissolution of the mixture in methylene chloride and basic 
aqueous washings of the organic layer, followed by workup of 
the organic layer led to less than a mg of 2- (2-hydroxy- 
ethoxy) -benzaldehyde as determined by TLC.
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Alkylation of Salicylaldehyde with 2-Chloroethanol/ 
Triethylamine.
A mixture of 122 mg (1.0 mmol) of salicylaldehyde, 1.0 
mL (726 mg / 7.17 mmol) of triethylamine, 1.0 mL (1.2 g / 15 
mmol) of 2-chloroethanol and 13 mL of acetonitrile was 
magnetically stirred and held at reflux for 48 h. The 
acetonitrile was removed under reduced pressure and the 
residue was dissolved in 50 ml of water. The aqueous layer 
was extracted with 4 x 25 mL of diethyl ether. The ether 
extracts were combined, extracted with 3 x 30 mL of 10% 
aqueous NaOH, dried (MgS0 4), filtered, and the ether was 
removed jjn vacuo to afford 27.5 mg (17%) of 2-(2-hydroxy- 
ethoxy) -benzaldehyde as an orange-yellow oil. Rf (ethyl 
acetate/hexane, 1:1, v/v) and the IR spectrum (7281) were 
identical to those of material prepared by alkylation in 
aqueous base.
The sodium hydroxide extracts were combined and 
acidified to pH = 2, by litmus paper, by slow addition of 
concentrated HCl with swirling. The acidic layer was 
extracted with 3 x 40 mL of diethyl ether. The ether 
extracts were combined, dried (MgS0 4 ), filtered, and 
concentrated under reduced pressure to afford 87.5 mg (72% 
recovery) of salicylaldehyde as an orange liquid. The IR 
spectrum (7282) of this liquid was identical to that of 
salicylaldehyde.
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Attempted Alkylation of Salicylaldehyde with 2-Chloro- 
ethanol/Sodium Carbonate.
A mixture of 135 mg (1.11 mmol) of salicylaldehyde,
127.2 mg (1.20 mmol) of sodium carbonate, 30 mg (0.20 mmol) 
of sodium iodide, and 0.72 mL (865 mg / 10.8 mmol) of 2- 
chloroethanol in 10 mL of DMF was magnetically stirred for 4 
d. The mixture was concentrated under reduced pressure to a 
tan colored residue. The residue was dissolved in 50 mL of 
water, and the aqueous layer was extracted with 3 x 40 mL of 
diethyl ether. The ether extracts were combined and extrac­
ted with 4 x 40 mL of 10% aqueous NaOH, dried (MgS04), and 
filtered. The solvent was removed in vacuo to afford 14.5 
mg of an orange oil. TLC with ethyl acetate/hexane (1:1, 
v/v) and IR (7285) indicated that the oil was a mixture of 
salicylaldehyde and other unidentified components.
The yellow basic aqueous extracts were combined and 
acidified to pH « 2, by litmus paper, by slow addition of 
concentrated HCl with swirling. The acidic layer was 
extracted with 3 x 40 mL of diethyl ether. The ether 
extracts were combined, dried (MgS04), filtered, and 
concentrated under reduced pressure to afford 115.5 mg (86% 
recovery) of salicylaldehyde as an orange oil. The IR 
spectrum (7284) of this oil was identical to that of 
salicylaldehyde.
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Alkylation of Salicylaldehyde with 2-Chloroethanol/ 
Potassium Carbonate.
A three-necked round-bottomed flask fitted with a 
drying tube, addition funnel, and a magnetic stirring bar 
was charged with 166 mg (1.20 mmol) of potassium carbonate, 
50 mg (0.33 mmol) of sodium iodide, and 2 mL of DMF. To the 
magnetically stirring suspension was added 122 mg (1.0 mmol) 
of salicylaldehyde dissolved in 5 mL of DMF over 0.5 h. The 
DMF suspension was stirred at room temperature for 10 min, 
and to this suspension was added 0.4 mL (480 mg / 6.0 mmol) 
of 2-chloroethanol. The reaction mixture was stirred at 
room temperature for 20.25 h. The reaction mixture was 
concentrated in vacuo to a brown residue. The residue was 
taken up in 60 mL of water, and extracted with 4 x 30 mL of 
diethyl ether. The ether extracts were combined and 
extracted with 4 x 25 mL of 10% aqueous NaOH until the 
aqueous layer was colorless and not green-yellow. The ether 
layer was dried (MgSO^, filtered, and concentrated under 
reduced pressure to afford 18 mg (11%) of 2-{2-hydroxy- 
ethoxy)-benzaldehyde as an orange oil. The IR spectrum 
(7291) was identical to that of material prepared from 
alkylation of salicylaldehyde in aqueous base.
The green-yellow, basic extracts were combined and 
acidified to pH * 2, by litmus paper, by slow addition of 
concentrated HCl with swirling. The acidic aqueous layer 
was extracted with 3 x 40 mL of diethyl ether. The ether
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extracts were combined, dried (MgS04), filtered, and the 
solvent was removed in vacuo to afford 75 mg (61% recovery) 
of salicylaldehyde as an orange oil. The IR spectrum (7292) 
of this oil was identical to that of salicylaldehyde.
Attempted Alkylation of 5-Nitrosalicylaldehyde with 2- 
Chloroethanol/Sodium Carbonate.
A 25-mL round-bottomed flask, fitted with a reflux 
condenser with drying tube, was charged with 500 mg (2.99 
mmol) of 5-nitrosalicylaldehyde, 320 mg (2.99 mmol) of 
sodium carbonate, 0.4 mL (480 mg / 6.0 mmol) of 2-chloro­
ethanol, and 15 mL of acetone. The yellow reaction mixture 
was held at reflux for 3 d and then poured into 100 mL of 
water. The aqueous layer was extracted with 2 x 25 mL of 
diethyl ether. The ether extracts were combined, dried 
(MgS04), and filtered. The solvent was concentrated under 
reduced pressure to afford a yellow liquid. The liquid was 
dissolved in 5 mL of 10% aqueous HCl, and the aqueous layer 
was extracted with 1 mL of methylene chloride. The 
methylene chloride was dried (MgS04) , filtered, and 
concentrated under reduced pressure to afford 10 mg (2% 
recovery) 5-nitrosalicylaldehyde as determined by TLC 
(toluene/methylene chloride, 1:1, v/v). The yellow, basic 
aqueous layer was acidified to pH = 2, by litmus paper, by 
slow addition of concentrated HCl with swirling. Upon 
acidification, a white solid precipitated. The solid was
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collected by suction, washed with water, and air-dried to 
afford 420 mg (86% recovery) of 5-nitrosalicylaldehyde: mp
120-128 °C (lit. mp 128 °C).
Purification of 2-(2-Hydroxyethoxy)-benzoic Acid, Methyl 
Ester.
The crude ester provided by Mobay Chemical Corp. was 
placed in a 500-mL round-bottomed flask which was attached 
to a Claisen head adapter connected to the vacuum line. The 
system was evacuated, and the ester heated to boiling. A 
heat gun was used at the first joint to prevent condensation 
of the distillate. The orange-yellow ester distilled at 0.3 
torr and was collected in a 250-mL round-bottomed flask, 
adapted to fit the manifold, in an ice/water bath. Two U 
tubes were attached to the manifold after the distillate 
flask. In the first U tube trap immersed in a dry 
ice/acetone bath a foul smelling yellow liquid was collected 
and periodically discarded. No material was collected in 
the second U tube trap, which was immersed in liquid 
nitrogen. The total amount of distillate collected was 850 
mL, and the percent recovery for the distillation was 60%. 
The orange-yellow oil was shown by -^H NMR (10187) to be a 
mixture of 2-(2-hydroxyethoxy)-benzoic acid, methyl ester 
and mono lactone (36).
The crude mixture and a catalytic amount of 
concentrated sulfuric acid were dissolved in 10 molar
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excess of absolute methanol in a round-bottomed flask, and 
the reaction mixture was stirred at reflux for 24 h. The 
orange-brown reaction mixture was concentrated in vacuo to 
afford an orange-brown residue. The residue and methylene 
chloride were combined in a separatory funnel. The 
methylene chloride layer was washed with water, 10% aqueous 
NaHC03, water, dried (Na2SC>4 ), and concentrated under 
reduced pressure to afford an orange oil: IR (5809) 3600-
3120, 3080, 3000-2850, 1720, 1605, 1585, 1300-1000,
755 cm-1; XH NMR (11155, CDC13, 60 MHz) 7.9-6.8 (m, 4 H, Ar 
H), 4.3-3.6 (m, 5 H, OCH2CH2OH), 3.9 (s, 3 H, 0CH3).
Aqueous Base Hydrolysis of 2-(2-Hydroxyethoxy)-benzoic Acid, 
Methyl Ester.49
A mixture of 20 g (0.102 mol) of crude 2-(2- 
hydroxyethoxy)-benzoic acid, methyl ester and 100 mL of 10% 
aqueous sodium hydroxide in a 250-mL round-bottomed flask 
was magnetically stirred at room temperature for 1.5 h. The 
solution warmed as it became homogeneous. The basic 
solution was acidified with concentrated HCl while the 
temperature was kept between 0-5 °C, and then the acidified 
mixture was stirred for 1 h at 0-5 °C. The cloudy aqueous 
mixture was extracted with 3 x 30 mL of methylene chloride. 
The organic extracts were combined, washed with 3 x 50 mL of 
water, dried (MgS04) and filtered. The methylene chloride 
was removed under reduced pressure to afford 14.0 g (75%) of
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2-(2-hydroxyethoxy)-benzoic acid as a yellow oil: IR (5194)
3600-2500, 3080, 3000-2890, 1720, 1610, 1585, 1500-1000, 750 
cm-1; %  NMR (10294, CDC13, 60 MHz) 8 .2-6.9 (in, 6 H, Ar H, 
COOH, OH), 4.5-3.9 (m, 4 H, OCH2CH20).
Preparation of Mono Lactone (36) from 2-(2-Hydroxyethoxy) - 
benzoic Acid.46
A mixture of 3.6 g (0.0198 mol) of 2-(2-hydroxyethoxy)- 
benzoic acid and 7.5 g (0.039 mol) of p-toluenesulfonyl 
chloride was dissolved in 50 mL of pyridine. The clear 
reaction mixture was magnetically stirred at 40 °C for 3 h 
and then poured into 80 mL of water. This aqueous/pyridine 
layer was extracted with 3 x 40 mL of chloroform. The 
organic extracts were combined, dried (MgS04), and filtered. 
The chloroform was removed under reduced pressure to afford 
a pyridine-smelling yellow liquid. This liquid was diluted 
with 50 mL of toluene and concentrated under reduced 
pressure twice, until the pyridine smell was removed. The 
orange oil was dissolved in chloroform and the organic layer 
was dried (MgS04), filtered and concentrated under reduced 
pressure to afford 1.8 g (55%) of mono lactone. A portion 
of the mono lactone was purified by kugelrohr distillation 
as a clear liquid: IR (5585) 3060, 3000-2800, 1720, 1605,
1570, 1470, 1450, 1300-1000, 750 cm"1; *H NMR (10462, CDC13, 
60 MHz) 8 .0-6.9 (m, 4 H, Ar H) , 4.5 (s, 4 H, OCH2CH20) .
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Preparation of Mono Lactone (36) from 2-(2-Hydroxyethoxy)- 
benzoic Acid via the Brewster/Ciotti Method.45
To a solution of 5.63 g (0.031 mol) of 2-(2- 
hydroxyethoxy)-benzoic acid dissolved in 40 mL of pyridine 
in a 200-mL round-bottomed flask was added 11.88 g (0.062 
mol) of p-toluenesulfonyl chloride. The clear yellow 
solution was magnetically stirred for 3 h at 0-5 °C. The 
brick-red colored reaction mixture was poured into 150 mL of 
water and then stirred for 20 min at room temperature. The 
aqueous/ pyridine layer was extracted with 3 x 50 mL of 
chloroform. The chloroform extracts were combined, dried 
(MgS04), filtered, and the solvent was removed under reduced 
pressure to afford a dark red pyridine-smelling liquid.
This liquid was treated with toluene (270 mL total) and 
concentrated under reduced pressure until the residue did 
not smell of pyridine. A solution of the brown residue in 
chloroform was passed through a 25 x 25 mm silica gel plug. 
The yellow filtrate was concentrated under reduced pressure 
to afford 5.5 g of an orange oil. Kugelrohr distillation 
afforded 2.43 g (47%) of purified mono lactone as a clear, 
colorless liquid which solidified upon refrigeration: bp 
130-160 °C / 0.2 torr (kugelrohr) (lit.49 bp 110-125 °C /
0.1 torr); mp 35 °C (lit.49 mp 35-36 °C); the IR spectrum 
(6561) of this liquid is identical to that of mono lactone 
prepared in the previous experiment.
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Attempted Reduction of Mono Lactone (36) with Sodium 
Borohydride.
A solution of 10 mg (0.26 mmol) of sodium borohydride 
in 5 mL of methanol was magnetically stirred at room 
temperature for 15 min. To this solution was added 56 mg 
(0.34 mmol) of mono lactone dissolved in 2 mL of methanol. 
The reaction mixture was stirred at room temperature for 29 
h and then concentrated An vacuo to a colorless residue. To 
the residue was added 12 mL of water and 10 mL of diethyl
ether. The ether was separated from the aqueous layer, and
the aqueous layer was extracted with 3 x 10 mL of diethyl
ether. The ether extracts were combined, washed with 10 mL
of water, dried (MgS0 4 ), and filtered. The organic layer 
was concentrated in vacuo to afford 52 mg of a yellow oil. 
The -^H NMR spectrum (12817, CDCI3 , 60 MHz) indicated that 
the yellow oil was a 2 to l mixture of 2-(2-hydroxyethoxy)- 
benzoic acid, methyl ester and mono lactone.
Attempted Reduction of Mono Lactone (36) with Sodium 
Borhydride/Aluminum Chloride.
To a mixture of 4 mg (0.105 mmol) of sodium borohydride 
and 1 mg ( 0.008 mmol) of aluminum chloride in 5 mL of THF 
was added 50 mg (0.30 mmol) of mono lactone dissolved in 3 
mL of tetrahydrofuran. The heterogeneous reaction mixture 
was magnetically stirred and held at reflux for 64 h. To 
the solution was added 2 mL of water, and the solution was
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stirred for 20 min. The solvent was removed under reduced 
pressure, and the aqueous layer was diluted with 25 mL of 
water and extracted with 3 x 15 mL of diethyl ether. The 
organic extracts were combined, washed with 15 mL of water, 
dried (MgSO^, and filtered. The ether was removed under 
reduced pressure to afford a yellow residue. The residue 
was redissolved in 20 mL of methylene chloride, and the 
organic layer was washed with 2 x 10 mL of 2.5% aqueous 
NaOH, dried (MgS0 4), and filtered. The methylene chloride 
was removed under reduced pressure to afford 106 mg of an 
orange residue. The -^H NMR (12849) and IR (6906) spectra 
indicated that the residue was composed of mono lactone and 
other impurities.
Attempted Chlorination of Mono Lactone (36) with N-Chloro- 
succinimide.
A mixture of 473 mg (2.88 mmol) of mono lactone, 385 mg 
(2.89 mmol) of N-chlorosuccinimide, and 0.5 mL of glacial 
acetic acid in 15 mL of carbon tetrachloride was held at 
reflux for 4 d. The heterogeneous mixture was filtered, and 
the solid was washed with 10 mL of carbon tetrachloride.
The filtrate was washed with 15 mL of saturated aqueous 
Na2C0 3 , dried (MgSO^ j) , and filtered. The solvent was 
removed under reduced pressure to afford 445 mg (94% 
recovery) of mono lactone. TLC analysis, ethyl 
acetate/hexane (1 :1 , v/v) as eluent, showed starting
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material (R f  0.69), and the I R  spectrum (7141) matched that 
of the starting material.
Synthesis of Dinitrolactone from 2-(2-Hydroxyethoxy)-benzoic 
Acid, Methyl Ester.
A sample of 6.0 g (0.030 mol) of 2-(2-hydroxyethoxy)- 
benzoic acid, methyl ester in a 150-mL beaker equipped with 
a magnetic stirring bar was cooled in an ice bath. Cold 
concentrated sulfuric acid was slowly added to the beaker 
with swirling. The sulfuric acid solution was magnetically 
stirred until the temperature dropped back down to 5 °C. To 
this chilled solution a mixture of cold, concentrated nitric 
acid and sulfuric acid (10 mL/10 mL) was slowly added from 
an addition funnel while the internal temperature was 
maintained between 10-15 °C. The reaction mixture was 
magnetically stirred for 45 min at 0-10 °C and then poured 
over 400 g of crushed ice with vigorous stirring with a 
spatula. The aqueous mixture was then refrigerated for 20 
h. After being warmed to room temperature the solid was 
collected by suction, washed with water, and then 
recrystallized from acetone/diethyl ether to afford 1.8 g 
(24%) of white crystals: mp 166-169 °C (lit.49 mp 169-170
°C) ,* IR (5106) 3060, 2950, 1710, 1630, 1600, 1550, 1480, 
1350, 1300, 740; NMR (10292, acetone-d6, 60 MHz) 9.85(s,
2 H, Ar H), 5.1-4.8 (m, 4 H, 0CH2CH20).
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Preparation of Dinitro Lactone from 5-Bromo Lactone.
To a chilled solution of 0.4 g (1.65 mmol) of 5-bromo 
lactone in 2.5 mL of concentrated sulfuric acid, a mixture 
of concentrated sulfuric acid and nitric acid (2.5 mL/2.5 
mL) was added from an addition funnel while the internal 
temperature was maintained at 5 °C with an ice/salt bath.
The chilled reaction mixture was magnetically stirred for 1 
h and then poured into ice with vigorous stirring with a 
spatula. The aqueous mixture was refrigerated overnight and 
then allowed to warm to room temperature. The solid was 
collected by suction, washed with water, and recrystallized 
from diethyl ether/acetone to afford 0.1 g (24%) of dinitro 
lactone as white solid: mp 165-168 °C; IR spectrum (5645) 
was identical to that of material prepared from 2-(2- 
hydroxy-ethoxy)-benzoic acid, methyl ester.
Reduction of Dinitro Lactone with Sodium Borohydride.
A solution of 0.5 g (1.96 mmol) of dinitro lactone 
dissolved in 60 mL of methylene chloride/methanol (2:1, v/v) 
was magnetically stirred at 0 °C for 15 min in a 100-mL 
round-bottomed flask. To this chilled solution 0.3 g (7.87 
mmol) of NaBH4 was slowly added over a period of an hour.
The deep purple reaction mixture was stirred at 0 °C for 2 h 
and then at room temperature for 2 h. The reaction was 
monitered by TLC, ethyl acetate/chloroform (1:1, v/v). The 
reaction mixture was slowly poured into 100 mL of saturated
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aqueous ammonium chloride. The two-phase mixture was 
concentrated under reduced pressure to remove solvents. The 
purple aqueous layer was extracted with 3 x 100 mL of 
diethyl ether and then with 2 x 100 mL of chloroform. The 
organic extracts were combined, dried (MgSO^, filtered, and 
concen-trated under reduced pressure to afford 0.3 g of an 
orange oil. Column chromatography on silica gel (152 x 25 
mm) with ethyl acetate/hexane (3:1, v/v) afforded 100 mg 
(20%) of a yellow oil which was assigned to 3,5-dinitro-2- 
(2-hydroxy-ethoxy)-benzyl alcohol: bp 160-170 °C / 0.2 torr
(kugelrohr); IR (6423) 3700-3100, 3080, 3000-2820, 1690, 
1590, 1525, 1340, 1250, 1070, 1010, 900, 735; XH NMR (12113, 
acetone-dg, 60 MHz) 8.6 (s, 2 H, Ar H), 4.9 (s, 2 H,
ArCH20), 4.4-3.7 (m, 4 H, OCH2CH20), 2.9 (br S, 2 H, OH). 
Attempts to purify this material by kugelrohr distillation 
and preparative TLC were unsuccessful.
Nitration of 2-(2-Hydroxyethoxy) -benzoic Acid, Methyl Ester 
with Cupric Nitrate.
A solution of 480 mg (2.45 mmol) of 2-(2- 
hydroxyethoxy)-benzoic acid, methyl ester in 12 mL of acetic 
anhydride was magnetically stirred at room temperature for 
15 min in a 25-mL round-bottomed flask. To the colorless 
solution was added 800 mg (3.45 mmol) of cupric nitrate 
(2.5H20). The blue reaction mixture was stirred at room 
temperature for 1 h and then at reflux for 9 h. After being
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cooled to room temperature, the blue mixture was poured into 
ice-water with mechanical stirring, and then the blue, 
aqueous solution was refrigerated overnight. A lower orange 
layer was separated from the aqueous layer by decantation 
and transferred into a separatory funnel with 100 mL of 
diethyl ether. The ether layer was washed with 2 x 50 mL 
water, 50 mL saturated aqueous Na2C0 3 , 50 mL water and 50 mL 
saturated aqueous NaCl, dried (MgS04), and filtered. The 
solvent was removed under reduced pressure to afford 471.5 
mg of an orange oil. Preparative TLC with chloroform/ethyl 
acetate (12:1 , v/v) afforded four fractions of which only 
two were important. The first fraction ( R f  0.55, 23.6 mg, 
3%) was assigned to 2-(2-nitro-6-carbomethoxyphenoxy)-ethyl 
nitrate, an orange oil: I R  (6568) 3060, 3000-2820, 1720,
1630, 1600, 1525, 1440, 1350, 1300-1200, 890, 840; XH NMR 
(12503, CDC13, 60 MHz) 8 .2-7.8 (m, 2 H, Ar H) , 7.3 (t, J = 8 
Hz, 1 H, Ar H), 5.0-4.2 (m, 4 H, 0CH2CH2ONO2), 3.95 (s, 3 H, 
OCH3); MS, m/z (715) 286 (1.5), 241 (24), 210 (21), 180 
(23), 165 (100), 149 (95), 120 (48), 77(52). An analytical 
sample could not be obtained because the sample decomposes 
upon standing.
The second fraction ( R f  0.43, 295 mg, 42%) was 2-(4- 
nitro-6-carbomethoxyphenoxy)-ethyl nitrate. The nitrate 
ester was isolated as a white solid and recrystallized three 
times with ethyl acetate/hexane: mp 92-94 °C; I R  (6649)
3100, 3070, 3000-2840, 1710, 1630, 1585, 1515, 1340, 1300-
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1200, 1125, 910, 850, 740; %  NMR (12514, CDCl3, 60 MHz) 8.7 
(d, J = 3 Hz, 1 H, Ar H), 8.4 (dd, J = 9, 3 Hz, 1 H, Ar H),
7.1 (d, J - 9 Hz, 1 H, Ar H), 5.1-4.9 (m, 2 H, ArOCH2), 4.6-
4.3 (m, 2 H, CH2ON02), 3.95 (s, 3 H, OCH3 ) ,* M S, m/Z (714)
286 (38), 210 (78), 180 (34), 165 (62), 90 (97), 75 (100).
Anal. Calcd for C10H10N2°8 (286); C, 41.97; H, 3.52;
N, 9.79. Found C, 41.71; H, 3.76; N, 9.59.
Preparation of 5-Bromo-2-(2-acetoxyethoxy)-benzoic Acid, 
Methyl Ester.46
A mixture of 1.0 g (5.1 mmol) of 2-(2-hydroxyethoxy)- 
benzoic acid, methyl ester, 3 mL of glacial acetic acid, and 
1.0 mL (3.119 g / 19.5 mmol) of bromine was magnetically 
stirred at room temperature for 13 h. The red reaction 
mixture was poured into 30 mL of saturated aqueous Na2S20 3 . 
The aqueous mixture was extracted with 3 x 30 mL of 
methylene chloride. The organic layer was washed with 3 x 
20 mL of 5% aqueous NaHC0 3 , dried (MgSC^), filtered, and 
concentrated under reduced pressure to a yellow oil. This 
oil was purified by kugelrohr distillation to afford 1.3 g 
(80%) of 2-bromo-2-(2-acetoxyethoxy)-benzoic acid, methyl 
ester; bp 110-130 °C / 0.1 torr (lit.46 bp 115-125 °C / 0.1 
torr); I R  (5649) 3060, 3000-2850, 1750-1700, 1590, 1480, 
1300-1200, 1090, 800; 1H NMR (10990, CDCI3 , 60 MHz) 8 .0-6.8 
(m, 3 H, Ar H), 4.6-4.0 (m, 4 H, OCH2CH20), 3.9 (S, 3 H, 
OCH3 ), 2.1 (S, 3 H, OCCH3 ).
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The oil solidified upon standing for several weeks at 
room temperature.
Base Hydrolysis of 5-Bromo-2-(2-acetoxyethoxy)-benzoic Acid, 
Methyl Ester to S-Bromo-2-(2-hydroxyethoxy)-benzoic Acid.46
A solution of 550 mg (1.74 mmol) of 5-bromo-2-(2- 
acetoxyethoxy)-benzoic acid, methyl ester and 15 mL of 20% 
aqueous sodium hydroxide was refluxed for 4 h and then 
stirred at room temperature for 6 h. The basic aqueous 
solution was extracted with 2 x 25 mL of methylene chloride 
and then acidified to pH = 4, by litmus paper, by addition 
of concentrated HC1. After the acidic solution had been 
refrigerated overnight, a white solid precipitated. The 
solid was collected by suction and air dried to afford 325 
mg (72%): mp 130-134 °C (iit.46 mp 134-135 °C)? IR (6825)
3600-3200, 3600-2400, 3000-2900, 1710, 1585, 1480, 1300- 
1150, 1065, 800.
Attempted Iodination of 2-(2-Hydroxyethoxy)-benzoic Acid, 
Methyl Ester in Base.
To a solution of 1.1 g (5.61 mmol) of 2-(2-hydroxy- 
ethoxy) -benzoic acid, methyl ester in 10 mL of methylene 
chloride were added 1.4 g (5.6 mmol) of iodine and 1.0 g 
(14.7 mol) of sodium bicarbonate. The reaction mixture was 
magnetically stirred at room temperature for 1.25 h and then 
at reflux for 22 h. It was poured into 50 mL of saturated
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aqueous Na2S20 4 , and then the two-phase mixture was 
extracted with 2 x 25 mL of methylene chloride. The 
combined organic layer was washed with 2 x 35 mL of water,
dried (MgSC^), and the solvent was removed in vacuo to
afford 1.3 g of 2-(2-hydroxyethoxy)-benzoic acid, methyl 
ester as a yellow liquid. TLC analysis, methylene chloride 
as eluent, showed starting material, and the IR spectrum 
(5682) matched that of 2-(2-hydroxyethoxy)-benzoic acid, 
methyl ester.
Attempted Iodination of 2-(2-Hydroxyethoxy)-benzoic Acid, 
Methyl Ester with Iodine and Nitric Acid.
To a solution of 0.5 g (2.55 mmol) of 2-(2- 
hydroxyethoxy)-benzoic acid, methyl ester and 0.4 g (1.6 
mmol) of iodine in 10 mL of chloroform was added 0.42 mL of 
60% nitric acid over a 1-h period. The reaction mixture was
heated to reflux for 5 d and then poured into 50 mL of
saturated aqueous Na2S204. The mixture was extracted with 3 
x 25 mL of chloroform. The combined chloroform extracts 
were dried (Na2SC>4 ) , filtered, and concentrated under 
reduced pressure to a yellow liquid. TLC analysis, 
chloroform as eluent, indicated that the liquid was composed 
mainly of starting material.
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Attempted Chlorination of 2-(2-Hydroxyethoxy)-benzoic Acid, 
Methyl Ester with Sulfury1 Chloride.
A mixture of 0.5 g (2.55 mmol) of 2-(2-hydroxyethoxy) - 
benzoic acid, methyl ester, and 3.0 mL of sulfuryl chloride 
in 25 mL of methylene chloride was held at reflux for 20 h. 
The methylene chloride layer was diluted with 50 mL of 
methylene chloride and then washed with 2 x 50 mL of water 
and 50 mL of saturated aqueous NaCl. The methylene chloride 
layer was dried (MgS04) , filtered, and concentrated in vacuo 
to a yellow and white residue. The residue was redissolved 
in 50 mL of chloroform, and the solution was washed with 3 x 
50 mL of water, dried (MgS04), and filtered. The solvent 
was removed under reduced pressure to afford 0.4 g of a 
yellow oil. XH NMR (12306, CDC13, 60 MHz) indicated that 
aromatic chlorination did not occur and that starting 
material was not recovered.
Attempted Chlorination of 2-(2-Hydroxyethoxy)-benzoic Acid, 
Methyl Ester with N-Chlorosuccinimide in Carbon Tetra­
chloride.
To a solution of 262.5 mg (1.34 mmol) of 2-(2-hydroxy- 
ethoxy) -benzoic acid, methyl ester in 10 mL of carbon 
tetrachloride in a 25-mL round-bottomed flask was added 180 
mg (1.35 mmol) of N-chlorosuccinimide. The heterogeneous 
reaction mixture was held at reflux for 36 h. TLC analysis, 
ethyl acetate/hexane (10:3, v/v) as eluent, at 36 h showed
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only starting material present. Also, the N-chlorosuccini- 
mide still remained on the bottom of the flask after this 
time. The solvent was removed under reduced pressure, and 
the contents of the flask were used in the next experiment.
Chlorination of 2-(2-Hydroxyethoxy) -benzoic Acid, Methyl 
Ester with N-Chlorosuccinimide in 1,1,2,2-Tetrachloroethane.
The residue from above, consisting of 180 mg (1.35 
mmol) of N-chlorosuccinimide and 262.5 mg (1.34 mmol) of 2- 
(2-hydroxyethoxy)-benzoic acid, methyl ester, was dissolved 
in 10 mL of l,l,2,2-tetrachloroethane in a 25-mL three­
necked round-bottomed flask equipped with a magnetic 
stirring bar, thermometer, reflux condenser with drying tube 
and a stopper. An additional 200 mg (1.50 mmol) of N- 
chlorosuccinimide was added. The yellow reaction mixture 
was magnetically stirred at 120 °C for 31 h and then allowed 
to stand at room temperature for 2 d. The reaction mixture 
was diluted with 25 mL of methylene chloride, and then the 
organic layer was washed with 3 x 20 mL of water, dried 
(MgS0 4 ), and filtered. The solvent was removed in vacuo to 
afford a dark orange residue. A solution of the residue in 
ethyl acetate was passed through a silica gel plug, and then 
the ethyl acetate was removed Aa vacuo to afford 301 mg of 
an orange oil. Preparative TLC with ethyl acetate/hexane 
(3:1, v/v) afforded 40 mg (13%) of a yellow liquid, which 
was assigned to 5-chloro-2-(2-hydroxyethoxy)-benzoic acid,
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methyl ester: Rf 0.54; IR (6822) 3650-3100, 3070, 3000-
2800, 1715, 1695, 1485, 1430, 1300-1200, 1075, 900, 800; *H 
NMR (12764, CDC13, 60 MHz) 7.9 (d, J = 3 Hz, 1 H, Ar H), 7.5 
(dd, J = 8 , 3 HZ, 1 H, Ar H), 7.0 (d, J = 9 Hz, 1 H, Ar H), 
4.5-3.6 (m, 5 H, OCH2CH2OH), 3.95 (s, 3 H, OCH3); MS, m/z 
(1058.D) 232 (3), 230 (9), 214 (1), 212 (3), 202 (3), 200 
(10), 188 (5), 186 (13), 157 (7), 156 (33), 155 (21), 154 
(100), 128 (11), 126 (27), 45 (11).
Chlorination of 2-(2-Hydroxyethoxy) -benzoic Acid, Methyl 
Ester with N-Chlorosuccinimde/Acetic Acid.
A mixture of 124 mg (0.63 mmol) of 2-(2-hydroxyethoxy)- 
benzoic acid, methyl ester, 80 mg (0.60 mmol) of N- 
chlorosuc-cinimide, and 42 mg (0.04 mL, 0.63 mmol) of 
glacial acetic acid in 5.0 mL of carbon tetrachloride was 
magnetically stirred for 6 d at room temperature in a 25-mL 
round-bottomed flask. The reaction mixture was filtered to 
remove a solid, which floated in the carbon tetrachloride. 
The solid melted at 120-125 °C (mp succinimide, 125 °C).
The filtrate was concentrated under reduced pressure, and 
then the residue was dissolved in 25 mL of methylene 
chloride. The organic layer was washed with 10 mL of 
saturated aqueous Na2C03, dried (MgSO^ , filtered, and 
concentrated under reduced pressure to afford 121 mg of a 
yellow oil. Preparative TLC with ethyl acetate/hexane (3:1, 
v/v) afforded 35.5 mg (26%) of a yellow oil identified as 5-
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chloro-2-(2-hydroxyethoxy)-benzoic acid, methyl ester: Rf
0.54; IR (7015) was identical to that of material above.
In another similar attempt, chlorination of 2-(2- 
hydroxyethoxy) -benzaldehyde was not successful and starting 
material was recovered.
Preparation of 2-(2-Acetoxyethoxy) -benzoic Acid, Hethyl 
Ester from 2-(2-Hydroxyethoxy) -benzoic Acid, Hethyl Ester.
To a solution of 1.86 g (9.49 mmol) of 2-(2-hydroxy- 
ethoxy) -benzoic acid, methyl ester in 25 mL of methylene 
chloride were added 1.8 mL (1.94 g / 19.06 mmol) of acetic 
anhydride and 0.7 mL (687 mg / 8.70 mmol) of pyridine. The 
reaction mixture was magnetically stirred at reflux for 28 
h. After being cooled to room temperature the reaction 
mixture was poured into ice-water, and then the water- 
methylene chloride mixture was refrigerated for 2d. To the 
two-phase mixture was added 75 mL of methylene chloride, and 
the organic layer was separated, washed with 50 mL of 
saturated aqueous Na2C0 3 , 50 mL of water, and 50 mL of 
saturated aqueous NaCl, dried (MgSO^), and filtered. The 
solvent was removed under reduced pressure to afford a 
pyridine-smelling yellow liquid. This liquid was diluted 
with 25 mL of toluene and concentrated under reduce pressure 
twice, until the pyridine smell was removed. Chloroform was 
added to the residue and removed under reduced pressure to 
afford 2.19 g (97%) of 2-(2-acetoxyethoxy)-benzoic acid,
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methyl ester as a yellow oil. An analytical sample was 
obtained by preparative TLC with chloroform/ethyl acetate 
(12:1, V/v): R f  0.36; I R  (6220) 3060, 3000-2800, 1735,
1600, 1580, 1300, 1300-1200, 1080, 1045, 760; XH NMR (11429, 
CDC13, 60 MHz) 7.9-6.85 (m, 4 H, Ar H), 4.6-4.1 (m, 4 H, 
0CH2CH20), 3.9 (S, 3 H, 0CH3), 2.1 (s, 3 H, 02CCH3); 13C NMR 
(8493, CDCI3 , 22.5 MHz) 170.84, 166.67, 158.03, 133.25, 
131.62, 121.41, 121.09, 114.39, 67.50, 62.62, 51.89, 20.81; 
MS, m/z (652) 239 (1), 238 (9), 207 (3), 165 (24), 135 (21), 
120 (73), 92 (29), 87 (100).
Anal. Calcd for C12H14O5 (238): C, 60.50; H, 5.92. 
Found: C, 60.73; H, 6.01.
Attempted Iodination of 2-(2-Acetoxyethoxy)-benzoic Acid, 
Methyl Ester.
A mixture of 0.5 g (2.10 mmol) 2-(2-acetoxyethoxy)- 
benzoic acid, methyl ester, 0.3 g (1.18 mmol) of iodine, 0.3 
g (2.26 mmol) of anhydrous aluminium chloride, and 0.3 g 
(2.24 mmol) of anhydrous cupric chloride in 10 mL of 
nitromethane was heated at reflux for 6.5 h. The gray 
colored reaction mixture was poured into ice-water and then 
warmed to room temperature. To the mixture were added 200 
mL of chloroform and concentrated HCl with stirring until 
the precipitated material dissolved. The aqueous layer was 
separated from the chloroform layer and extracted with 50 mL 
of chloroform. The organic layers were combined, washed
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with 100 mL of 10% aqueous Na2S2C>4 , then 50 mL of water,
dried (MgSO^), and filtered. The solvent was removed in
vacuo to afford an orange oil. The oil was redissolved in
25 mL of methanol, and the methanol was removed iji vacuo to
afford an orange liquid which smelled of methyl salicylate. 
The liquid was dissolved in 25 mL of diethyl ether and then 
extracted with 15 mL of 10% aqueous NaOH. The ether 
solution was dried (MgS0 4 ), filtered, and concentrated under 
reduced pressure to afford 0.3 g (60% recovery) of 2-(2- 
acetoxyethoxy)-benzoic acid, methyl ester as a yellow 
liquid. The 1H NMR spectrum (11429) of this liquid matched 
that of the starting material.
Chlorination of 2-(2-Acetoxyethoxy)-benzoic Acid, Methyl 
Ester with Sulfuryl Chloride.
To a colorless solution of 970 mg (4.08 mmol) of 2-(2- 
acetoxyethoxy)-benzoic acid, methyl ester in 50 mL of 
methylene chloride in a 100-mL round-bottomed flask fitted 
with a magnetic stirring bar and reflux condenser attached 
to a drying tube with an HCl trap was added 1.5 mL (2.5 g / 
18.66 mmol) of sulfuryl chloride. The reaction mixture was 
stirred at room temperature for 16 h, then washed with 3 x 
50 mL of water, 50 mL of 10% aqueous Na2C03, and 50 mL of 
water. The organic layer was dried (MgS0 4 ), filtered, and 
concentrated under reduced pressure to afford 980 mg (88%) 
of a yellow liquid which was assigned to 5-chloro-2-(2-
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acetoxyethoxy)-benzoic acid, methyl ester: bp 120-125 °C /
0.1 torr (kugelrohr); IR (6156) 3060, 3000-2860, 1735, 1595, 
1485, 1350-1165, 1075, 1050, 950, 800; XH NMR (1807, CDC13, 
60 MHz) 7.8 (d, J = 3 Hz, 1 H, Ar H), 7.4 (dd, J ■ 9, 3 Hz,
1 H, Ar H), 6.9 (d, J - 9 Hz), 4.6-4.1 (m, 4 H, OCH2CH20),
3.9 (s, 3 H, OCH3), 2.1 (s, 3 H, 02CCH3); Rf0.62 in ethyl 
acetate/ hexane (1 :1 , v/v).
Attempts to obtain an analytical sample by kugelrohr 
distillation or preparative TLC with ethyl acetate/hexane 
(1:1 or 3:1, v/v) were unsuccessful. The compound was used 
without purification.
Base Hydrolysis of 5-Chloro-2-(2-acetoxyethoxy)-benzoic 
Acid, Methyl Ester.
A 100-mL round-bottomed flask was charged with 0.9 g 
(3.31 mmol) of 5-chloro-2-(2-acetoxyethoxy)-benzoic acid, 
methyl ester, 17 mL of 10% aqueous sodium hydroxide, and 50 
mL of water. The heterogeneous reaction mixture was 
refluxed for 6 h then stirred at room temperature overnight. 
The yellow aqueous mixture was washed with 25 mL of diethyl 
ether and then acidified by addition of 30 mL of 10% aqueous 
HC1. The acidic aqueous layer was extracted with 2 x 50 mL 
of diethyl ether. The organic extracts were combined, 
washed with 30 mL of saturated aqueous NaCl, dried (MgSO^, 
and filtered. The organic layer was concentrated under 
reduced pressure to an orange oil. When methylene chloride
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was added to this oil, a tan-white solid precipitated. The 
solid was collected by suction to afford 0.1 g (14%) of 
material which was assigned to 5-chloro-2-(2-hydroxyethoxy)- 
benzoic acid. The solid was recrystallized twice from 
water: mp 121-123 °C; IR (6429) 3600-3200, 3400-2200, 1705,
1585, 1570, 1485, 1320-1150, 1070, 1035, 890, 850, 800; XH 
NMR (12131, acetone-dg, 60 MHz) 7.85 (d, J = 2 Hz, 1 H, Ar 
H), 7.6 (dd, J = 9, 2 Hz, 1 H, Ar H), 7.3 (d, J = 9 Hz, 1 H, 
Ar H), 5.5-3.5 (br s, 2 H, COOH, OH), 4.45-4.25 (m, 2 H, 
Ar0CH2), 4.05-3.8 (m, 2 H, CH20); MS, m/z (719) 218 (4), 216
(12), 174 (3), 172 (10), 156 (33), 154 (100), 128 (21), 126 
(69), 63 (163).
Preparation of 5-Nitro-2-(2-acetoxyethoxy)-benzoic Acid, 
Methyl Ester from 2-(2-Acetoxy ethoxy) -benzoic Acid, Methyl 
Ester.
A solution of 0.6 g (2.52 mmol) of 2-(2-acetoxyethoxy)- 
benzoic acid, methyl ester in 20 mL of acetic anhydride was 
magnetically stirred for 15 min at 0 °C. To this chilled 
solution was added 1.17 g (5.04 mmol) of cupric nitrate (2.5 
H20) over 0.5 h. The blue reaction mixture was warmed to 
room temperature, then stirred for 30 min and then held at 
reflux for 45 min in a well ventilated hood. The mixture 
was allowed to sit overnight and then poured into ice-water. 
The two-phase mixture was warmed to room temperature, and 75 
mL of diethyl ether was added to the mixture. The ether
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layer was separated, washed with 9 x 100 mL of 10% aqueous 
Na2C0 3 , dried (MgS0 4 ), and filtered. The organic layer was 
concentrated under reduced pressure to an orange oil which 
solidified upon standing. The solid was washed several 
times with hot hexane, which was removed by decantation. A 
white solid precipitated from the hexane washings and was 
recrys-tallized three times from hexane to afford 300 mg 
(42%) of 5-nitro-2-(2-acetoxyethoxy)-benzoic acid, methyl 
ester as a white solid: mp 83-85 °C? IR (6023) 3100, 3070,
3000-2900, 1740, 1695, 1605, 1515, 1340, 1300-1150, 1130, 
1050, 915, 735? NMR (11486A, CDCI3 , 90 MHz) 8.7 (d, J = 
2.68 Hz, 1 H, Ar H), 8.36 (dd, J = 9.03, 2.68 Hz, 1 H, Ar 
H), 7.06 (d, J = 9.03 HZ), 4.65-4.21 (m, 4 H, 0CH2CH2O),
3.93 (s, 3 H, OCH3 ), 2.10 (s, 3 H, 02CCH3)? 13C NMR (8644, 
CDCI3 , 22.5 MHz) 170.71, 164.40, 162.38, 141.18, 128.63, 
127.79, 121.41, 67.70, 61.84, 52.48, 20.74? MS, m/z (705)
283 (1), 223 (2), 210 (6), 180 (3), 165 (8 ), 87 (100).
Anal. Calcd for C12H13N07 (283): C, 50.89? H, 4.63? N,
4.95. Found: C, 50.86? H, 4.62? N, 4.90.
Acid Hydrolysis of 5-Nitro-2-(2-acetoxyethoxy)-benzoic Acid, 
Methyl Ester to 5-Nitro-2-(2-hydroxyethoxy)-benzoic Acid.
A mixture of 0.7 g (2.47 mmol) of 5-nitro-2-(2-acetoxy­
ethoxy) -benzoic acid, methyl ester in 50 mL of 10% aqueous 
HC1 was magnetically stirred and held at reflux for 3 h and 
then at room temperature for 2 d. The acidic mixture was
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extracted with 3 x 70 mL of diethyl ether. The ether 
extracts were combined, washed with 70 mL of water and 70 mL 
of saturated aqueous NaCl, dried (MgSC>4), and filtered. The 
organic layer was concentrated in vacuo to afford a white 
solid. The solid was washed with chloroform and filtered by 
suction to afford 123 mg (22%) of 5-nitro-2-(2-hydroxy- 
ethoxy) -benzoic acid: mp 130-133 °C; IR (6504) 3600-3200, 
3500-2200, 3070, 1690, 1600, 1575, 1500, 1480, 1335, 1300- 
1150, 1065, 910, 880, 810, 790; -^H NMR (12323, acetone-d6,
60 MHz) 8.7 (d, J = 3 Hz, 1 H, Ar H), 8.5 (dd, J = 9, 3 Hz,
1 H, Ar H), 7.5 (d, J = 9 Hz, 1 H, Ar H), 6 .3-5.2 (br s, 2 
H, COOH, OH), 4.6-4.3 (m, 2 H, ArOCH2), 4.1-3.8 (m, 2 H, 
CH20); 13C NMR (8803, acetone-d6, 22.5MHz) 165.2, 163.9, 
142.0, 129.7, 128.2, 115.6, 73.1, 60.8; MS, m/Z (709) 227
(13), 209 (11), 197 (73), 166 (45), 165 (100), 149 (18), 120 
(21), 92 (16), 63 (33).
Anal. Calcd for C9H9N06 (227): C, 47.58; H, 3.99; N,
6.17. Found: C, 47.78; H, 3.94; N, 6.01.
Further extraction of the acidic layer with 2 x 70 mL 
of ethyl acetate afforded 0.2 g (35%) of crude 5-nitro-2-(2- 
hydroxyethoxy)-benzoic acid.
Attempted Lactonization of 5-Nitro-2- (2-hydroxyethoxy) - 
benzoic Acid.
A solution of 169 mg (0.89 mmol) of g-toluenesulfonyl 
chloride in 8 mL of pyridine was magnetically stirred at
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room temperature for 30 min. To the yellow solution was 
added 100 mg (0.44 mmol) of 5-nitro-2-(2-hydroxyethoxy)- 
benzoic acid. The reaction mixture was stirred at room
temperature for 88 h and then poured into 40 mL of cold
water. The water layer was extracted with 2 x 25 mL of 
methylene chloride. The organic extracts were combined, 
dried (MgS0 4>, filtered, and concentrated under reduced 
pressure to afford a pyridine-smelling liquid. The liquid 
was diluted with 15 mL of toluene and concentrated in vacuo 
to afford 17.5 mg of a yellow oil. The IR spectrum (6816) 
of this oil is not consistent with that of the expected 
nitro lactone. The aqueous layer was acidified to pH 3 by
addition of 10% aqueous HC1 and then extracted with 3 x 25
mL of ethyl acetate. The ethyl acetate extracts were 
combined, washed with 12 mL of water, dried (MgSC>4 ), and 
filtered. The organic layer was concentrated under reduced 
pressure to afford 41 mg (24% recovery) of 5-nitro-2-(2- 
hydroxyethoxy)-benzoic acid as a white solid: mmp 130-132
°C.
Reduction of Phthalide with DIBAL.
To a stirring solution of 120 mg (0.89 mmol) of 
phthalide in 3 mL of THF at -78 °C under N2 was added 1.0 mL 
(1.0 M, 1.0 mmol) of DIBAL in THF over a 10-min period. The 
reaction mixture was stirred at -78 °C for 2.25 h and then 
quenched by addition of 0.3 mL of glacial acetic acid. The
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mixture was warmed to room temperature and diluted with 2 mL 
of water. Sodium carbonate was added until the pH was basic 
by litmus paper. The aqueous solution was diluted with 8 mL 
of water, filtered and extracted with 3 x 10 mL of diethyl 
ether. The ether extracts were combined, dried (MgSC>4), and 
filtered. The organic layer was concentrated under reduced 
pressure to afford 102 mg of a yellow liquid, which solidi­
fied upon standing. The NMR spectrum (2120, CDCI3 , 60 
MHz) showed that the solid was a 1:1 mixture of phthalide 
and 1,2-benzene-dimethanol: 8 .1-7.4 (m, 4 H, Ar H of
phthalide), 7.3 (s, 4 H, Ar H of l,2-benzenedimethanol), 5.3 
(s, 2 H, ArCH20C0), 4.7 (s, 4 H, CH20), 3.6 (br S, 2 H, OH).
Treatment of Benzyl Alcohol with Cupric Nitrate in Acetic 
Anhydride.
A solution of 593.5 mg (2.55 mmol) of cupric nitrate 
(2.5 H20) in 10 mL of acetic anhydride was magnetically 
stirred at room temperature for 1.5 h and then cooled to 5 
°C. To this blue solution was added 500 mg (4.63 mmol) of 
benzyl alcohol dissolved in 2 mL of acetic anhydride. The 
reaction mixture was stirred for 1 h at 5 °C and then poured 
into ice-water. The aqueous layer was warmed to room 
temperature and made slightly basic, pH = 8 by litmus paper, 
by addition of Na2C0 3 . The basic aqueous layer was 
extracted with 4 x 50 mL of diethyl ether. The ether 
extracts were combined, washed with 50 mL of water, dried
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(MgS04), and filtered. The ether was removed under reduced 
pressure to give 392.5 mg of a yellow oil. THe NMR 
spectrum (2065, CDCI3 , 60 MHz) of the yellow oil indicated 
that it was a 9:1 mixture of benzyl nitrate to benzyl 
acetate: 7.4 (s, 5.9 H, Ar H), 5.4 (s, 2 H, CH2ON02), 5.1
(s, 0.22 H, CH20C0); 2.1 (s, 0.22 H, 02CCH3). The proton 
chemical shifts of benzyl acetate were identical to those in 
Varian spectrum (#530).
Treatment of 2-Phenethyl Alcohol with Cupric Nitrate in 
Acetic Anhydride.
A solution of 262.5 mg (1.13 mmol) of cupric nitrate 
(2.5 H20) in 10 mL of acetic anhydride was magnetically 
stirred at room temperature for 1.5 h and then cooled to 0-2 
°C. To the blue solution was added 250 mg (2.05 mmol) of 2- 
phenethyl alcohol. The reaction mixture was stirred for 45 
min and then poured into 40 mL ice-water. The acidic 
aqueous layer was neutralized by addition of sodium 
bicarbonate and extracted with 3 x 50 mL of ethyl acetate. 
The organic extracts were combined, dried (MgS04), and 
filtered. The solvent was removed in vacuo to afford a 
yellow liquid. The liquid was dissolved in water, and 
sodium carbonate was added until the aqueous layer was 
basic. The aqueous layer was extracted with 3 x 15 mL of 
ethyl acetate. The organic extracts were combined, dried 
(MgS04), filtered, and concentrated under reduced pressure
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to afford 219 mg of a yellow liquid. The 1H NMR (12780,
COCI3 , 60 MHz) of the yellow liquid indicated that it was a
8.5:1 mixture of 2-phenethyl nitrate and 2-phenethyl 
acetate: 7.3 (s, 5.6 H, Ar H), 4.65 (t, J = 7 Hz, 2 H,
CH2ON02), 4.3 (t, 3 — 1 Hz, 0.24 H, CH202C), 3.0 (t, J - 7
HZ, 2 H, ArCH2), 2.9 (0.24 H, ArCH2), 2.0 (s, 0.24 H, OCH3 ). 
The proton chemical shifts of the 2-phenethyl acetate were 
identical to those in the Varian spectrum (#261).
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RESULTS AND DISCUSSION
The purpose of this investigation was to synthesize and 
study potential seven- and ten-membered ring-chain tautomer­
ic systems in view of the lack of information about this 
phenomenon in systems larger than six-membered. In previous 
examinations in this laboratory of q-, p-, and p-disubsti- 
tuted benzenes no ring-chain tautomerism involving larger- 
membered rings could be detected.2 8 '4 3 '5 6 '57 Therefore, in 
light of what was discussed about enhancing cyclization in 
larger membered ring-chain tautomeric systems in the 
Introduction, it seemed warranted to undertake studies of 
ring-chain tautomerism in potentially seven- and ten- 
membered systems containing an aromatic ring with substi­
tuents and one or more oxygen heteratoms.
The two basic systems chosen, 34 and 35, were ones 
which possess an unsaturated unit (C=0, refer to equation 2 
where Y=0) and an adding unit (Z=0) and can undergo exo-trig 
ring closure. The ethylenoxy series, 34, would lead to 
seven-membered rings, while 35, the diethylenoxy series, 
would afford ten-membered rings. One approach to the 
synthesis of these compounds was by alkylation. A major 
portion of this research was directed toward the synthesis 
of precursors and alkylation of these precursors for the 
desired synthetic targets. The synthesis, characterization
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and R/C tautomerism studies of the diethylenoxy system, 2- 
(5-hydroxy-3-oxa-pentyloxy)-benzaldehyde, will be discussed 
first.
The diethylenoxy benzaldehydes were prepared by 
alkylation of the sodium salt of the substituted salicyl- 
aldehyde with 2-(2-chloroethoxy)-ethanol in DMF in the 








4 7 : X-H, Y-NIOj
48: X -B r.Y -H
49: X-Y-Br
5 0 : X -Y -C I
5 1 : X -Y -l
5 2 : X-H, Y-Ph
The commercially available alkylating reagent was used 
without further purification. Some salicylaldehydes were 
commercially available (salicylaldehyde, 5-bromo-, 3,5- 
dichloro-, 3,5-diiodo-, and 3- and 5-nitrosalicylaldehydes). 
Others were obtained by halogenation of salicylaldehyde50 or 
o-formylation of corresponding phenols.44 3,5-Dibromo- 
salicylaldehyde was obtained in moderate yield by 
bromination of salicylaldehyde in acetic acid. Formylation
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of 2-bromophenol by a modified procedure of Casiraghi and 
coworkers44 afforded 3-bromosalicylaldehyde in very low 
yield after a laborious workup. Attempts to crystallize the 
product with petroleum ether and ethanol/water were 
unsuccessful. The low yield may be a result of insufficient 
reaction time, in as much as a substantial amount of o- 
bromophenol was recovered: or it may be due to loss of 
material during the workup. The 3-methyl salicylaldehyde 
was similarly obtained by o-formylation of 2-methylphenol in 
moderate yield, and 3-phenylsalicylaldehyde was synthesized 
by o-formylation of 2-phenylphenol. In spite of the 
literature precedent the 3-phenylsalicylaldehyde was not 
easily purified by recrystallization from petroleum ether, 
but rather by flash chromatography with chloroform to afford 
a yellow oil.
The sodium salts were prepared by treatment of the 
salicylaldehydes with one equivalent of sodium hydroxide in 
water. Verification of the salts came from examination of 
the IR spectra for the lack of C-0 stretching between 1300- 
1200 cm-1 and of out-of-plane OH bending between 800-650 cm" 
1 and the presence of a strong absorption in the 1400-1500 
cm-1 region, probably due to C-0 stretching of the salt.
All the salts failed to melt below 130 °C, which is the 
highest melting point of any of the salicylaldehydes. The 
salts failed to melt even at elevated temperatures.
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Dimethylformamide (DMF) was employed as the solvent for 
the alkylation procedure because a polar aprotic solvent was 
needed to solubilize the sodium salt; and it has been used 
previously in alkylations of salicylic acid, salicylate 
esters, thiosalicylic acid, thiosalicylate esters,58/59 and 
salicylaldehyde.60 The solvent was easily removed under 
reduced pressure with a pump, and hence it did not present a 
problem in the workup procedure. Sodium iodide was added to 
the reaction mixture to facilitate the alkylation and was 
easily removed by filtration.
The products from the alkylation procedure were the 
desired diethylenoxy benzaldehydes and the corresponding 
salicylaldehydes from the sodium salts, as shown in Scheme 
IV. The salicylaldehyde was most likely formed by a 
bimolecular elimination reaction (E2 ) of 2-(2 -chloroethoxy)- 
ethanol with sodium salt as base, a reaction competing with 
the Sjj2 displacement. The low to moderate yields of the 
benzaldehydes indicate that elimination competes with 
alkylation under these conditions. Chromatography was used 
in separating the benzaldehydes from the salicylaldehydes, 
but it was later found by a coworker in the laboratory that 
base extraction was an effective means for removal of the 
salicylaldehyde from the product. It was necessary to 
examine and characterize the benzaldehydes immediately after 
purification. TLC monitoring of these benzaldehydes after 
standing at room temperature for several days indicated that
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decomposition occurred, with generation of the salicyl­
aldehydes .
Semicarbazones of the benzaldehyde product were 
prepared by the method of Shriner, Fuson, Curtin, and 
Morrill53 for elemental analysis characterization in most 
cases.
Ring-chain tautomerism studies on other ten-membered 
hydroxy aldehydes have been reported in a few instances.
Hurd and Saunders20 and Cottier and Descotes19 reported that 
10-hydroxydecanal (19[C], n = 8 ), a ten-membered aliphatic 
analogue to 2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehyde 
(35[C]), exists as a ring-chain tautomeric mixture in 
aqueous dioxane and in toluene with a predominance of the 
chain tautomer (see Table 1). Cottier and Descotes observed 
this tautomeric equilibrium by NMR and calculated from 
the integrations of the aldehyde and methine protons the 
ratio of ring to chain (K = [R]/[C]) and the percentage of 
chain tautomer (see Introduction) . No chemical shifts for 
the aldehyde or methine protons were reported, however. 
Dewhurst28 reported that 2-(5-hydroxy-pentyloxy)- 
benzaldehyde (30[C], n - 5), a potential ten-membered 
benzaldehyde analogue to 35[C] but with a methylene group 
instead of oxygen, exists solely as the chain tautomer in 
chloroform-d as determined by NMR. The chemical shift of 
the formyl proton in 30[C], n = 5, was 10.65 ppm. Therefore 
incorporation of another oxygen atom in the chain and
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substitution on the aromatic ring of 30 [C] seemed to be a 
reasonable means to promote ring-chain tautomers in the 
diethylenoxy system.
The substituted 2-(5-hydroxy-3-oxa-pentyloxy)-benzal­
dehydes 35, 47-52 (see Appendix) were examined by 1H NMR, 
13C NMR, and IR as a means of determining the tendency for 
ring-chain tautomerism (see Scheme V) . In order to
Scheme V
OH
determine whether R/C tautomerism was occurring, NMR and 
13C NMR spectra of model compounds from the literature were 
examined as the basis for assigning appropriate chemical 
shifts for the aldehyde and methine groups in the tautomers. 
In addition to 30[C], 2-ethoxybenzaldehyde61 and 2-methoxy- 
benzaldehyde62 are good model compounds for the chain 
tautomer aldehyde proton. Their proton chemical shifts are 
10.41 and 10.44 ppm, respectively. 2-Ethoxybenzaldehyde63 
and 2,3-dimethoxy-benzaldehyde,64 model compounds for 1?C
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NMR, have chemical shifts for the formyl carbon at 189.4 and 
189.8, respectively. Since the ring tautomer 35[R] has a 
methine which is also benzylic, model compounds of similar 
structure, 3,3-diphenyl-lH,3H-naphtho-[l,8-cd]-pyran-l-ol®5 
(64) and 3,5-dichloro-2-(2-hydroxyethoxy)-benzaldehyde29 
(31[R]), were examined and indicated that the methine proton 




served as a model compound for the ring tautomer.®® The 
methine carbon of this acid appears between 99.72-97.86 ppm, 
depending on the solvent. Methine carbons of the dimethyl 
acetal of benzaldehyde®7 and 4-(methoxy)-methylbenzalde- 
hyde®8 appear at 102.9 and 102.87 ppm, respectively. 
Therefore it was predicted that the protons of the aldehyde 
[C] and methine [R] would appear at approximately 10.4 and
5.9 ppm, respectively, and the carbon-13 of the aldehyde [C] 
and methine [R] would appear at approximately 189 and 97-102 
ppm, respectively. Since there was a clear difference 
between the predicted aldehyde and methine chemical shifts
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in both ■'■H and 13C spectra, it was reasoned that ring and 
chain tautomers of the diethylenoxy benzaldehydes (35, 47- 
52) could be differentiated from their spectra.
All and 13C spectra of substituted and unsubstituted 
2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehydes in chloroform-d 
and dimethylsulfoxide-dg exhibited an aldehyde proton 
between 10.56-10.13 ppm and aldehyde carbon-13 between 
191.12-188.2 ppm, but no methine proton and carbon-13 
resonances. These %  and 13C NMR resonances suggest that 
the benzaldehydes exist solely as the chain tautomer [C] in 
solution. IR spectra of these benzaldehydes showed carbonyl 
absorption between 1660-1690 cm-3- and OH stretching 
absorption between 3650-3000 cm”1. The IR characteristics 
do not confirm that the benzaldehydes exist solely as the 
chain tautomer, but in view of NMR studies it can be 
presumed that the composition is exclusively or predominant­
ly the chain tautomer.
3-Nitro-2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehyde (47) 
was cooled to -20 °C in carbon tetrachloride and treated 
with trifluoroacetic acid at ambient temperature, 50 °, and 
65 °C in chloroform-d. The -^H NMR spectra of these solu­
tions did not exhibit any methine for the ring tautomer.
Thus even under acid-catalyzed conditions no ring-chain 
tautomerism occurs in the diethylenoxy systems.
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The IR, MS and -^-H and NMR spectra of the diethylen- 
oxy benzaldehydes will be discussed and assignments of 
absorptions will be made.
Infrared spectra of these substituted 2-(5-hydroxy- 
pentyloxy) benzaldehydes as previously mentioned show 
characteristic C-0 and OH stretching absorptions. The 
carbonyl frequencies appear between 1660-1690 cm-1, which 
are in good agreement with known benzaldehydes.69 The OH 
absorptions are broad and extend from 3650-3000 cm-1. The 
aliphatic C-H stretching absorptions of the methylene groups 
in these benzaldehydes are generally strong and extend from 
3000-2750 cm"1.
In the 1H NMR spectra of these benzaldehydes the formyl 
proton appears between 10.56-10.13 ppm and is consistent 
with literature values as previously mentioned. The pattern 
in the methylene region of the 1H NMR spectra, with one 
exception, consists of a downfield multiplet (2H), 4.6-4.1 
ppm, and upfield multiplets (6H). The calculated values for 
the methylene group protons in structure 65 as a model were 
determined with empirical shift values as expressed in 
equation 5:
H1 (ppm) = 1.20 + A + B (eqn 5)
where H1 is the calculated proton chemical shift for the i- 
th proton atom. The standard position for the methylene
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group protons is 1.20 ppm. The terms A and B are, respec­
tively, the alpha and beta substituent parameter effects on 
the i-th proton chemical shift.70 The calculated value for 
the methylene group protons on carbon 1 (see structure 65) 
from equation 5 is 4.33 ppm. Similarly, the calculated 
chemical shift of protons on carbon 2 is 3.98 ppm, on carbon 
3 is 3.68 ppm; and on carbon 4 is 3.65 ppm.
Based on comparison with these calculated chemical shifts, 
the downfield, methylene proton multiplets in the spectra of 
2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehydes are assigned to 
those protons on carbon 1. It follows that the upfield 
multiplets are due to those of the other methylene groups.
In the one exception, 3-phenyl benzaldehyde, the methylene 
protons of carbon 1 are upfield with respect to the other 
benzaldehydes, but are still separate from the other 
methylene protons. This upfield shift may be the result of 
the methylene protons lying in the shielding zone of 3- 
phenyl group.
/— \  1 2  3 4
( Q  V -  OCHjjCHj, 0CH2 CH2 OH 
6 5
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The aromatic region in the NMR spectra of 49-51 was 
particularly characteristic. Two doublets are displayed in 
this region with equal coupling constants; one doublet for 
and the other doublet for H2 (see structure 66). The 
observed meta coupling constant for 49 is 2.6 Hz
6 6
and for 50 is 2.5 and 2 Hz in CDCI3 and DMS0-d6. In 51 the 
observed meta coupling constant is 2.16 and 2.17 Hz in 
chloroform-d and dimethyl sulfoxide-dg, respectively. These 
coupling constants are in agreement with literature values 
of 1-3 Hz.70 The ^H NMR chemical shifts of Hi and H2 for 
the dihalo benzaldehydes can be compared with calculated 
values (see Table 3).71 The calculated values for the 
protons were determined by equation 6 , where Ha is the 
calculated chemical shift for the a-th proton, and 7.262 is 
the standard position for benzene. The term naj is the 
number of substituents in the j-th position (ortho, meta, 
para) relative to proton a and Aj is the j-th position 
substituent chemical shift parameter.71
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Ha (ppm) » 7.262 + p*najAj (eqn 6)
Some general comments can be made about the calculated 
and observed values of protons and H2 for the 3,5-dihalo 
benzaldehydes (see Table 3). The calculated values for both 
and H2 increase as the substituent changes from Cl to Br 
to I. This is qualitatively the case for the observed 
values of the protons in chloroform-d but not in diemthyl 
sulfoxide-dg. An interesting note is that the calculated 
chemical shift of proton is further downfield than H2 
when X is Cl and Br; but when X is I proton H2 is calculated 
to be further downfield than Hj_. Comparison of the ortho 
protons in iodobenzene and benzaldehyde suggests that the 
proton ortho to the formyl is further downfield than those 
to iodine, which is ambiguous with the calculated values.
The assignment of protons in 51 is made on this basis of the 
comparison.
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Table 3. Characteristic ^  NMR Chemical Shifts in the 
Aromatic Region of 3,5-Dihalo-2-(5-hydroxy-3-oxa-pentyloxy)- 
benzaldehydes.
Compound Hia H2a
50, X = Cl CDC13 7.7 7.6
DMSO-d6 8.0 7.65
Calcd 7.672 7.522
49, X = Br CDCI3 7.92 7.89
Calcd 7.872 7.822
51, X — I CDCI3 8.30 8.06
DMSO-d6 8.41 7.92
Calcd 8.122 8.242
a. chemical shifts in ppm.
The 1H NMR spectrum of 3-nitro-2-(5-hydroxy-3-oxa- 
pentyloxy)-benzaldehyde (47) shows two sets of multiplets; 
one at 8.1 ppm and the other at 7.37 ppm in chloroform-d, 
and one at 8.3-8.01 ppm and the other at 7.49 ppm in 
dimethyl sulfoxide-d6. The downfield multiplets (2H) are 
assigned to the protons ortho and para to the formyl group. 
The upfield multiplet (1H) is assigned to the proton meta to 
the formyl group because it is para to the electron-rich 2- 
alkoxy group. In chloroform-d the formyl proton is a 
doublet with coupling constant of 0.8 Hz, but in dimethyl
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sulfoxide-dg it is a broadened singlet with no clearly 
defined splitting. It is known that formyl protons of 
benzaldehydes show coupling of about 0.7 Hz with meta 
protons.72-74 This five-bond coupling of the formyl proton 
with the aromatic proton further explains why the upfield 
proton is a multiplet. The observed coupling of the 
aldehyde proton with the meta proton suggests that the 
conformation of the aldehyde group in 47 is preferably 
trans-trans coplanar (67a) as shown below and not cis-trans 
coplanar (67b). The 3-nitro compound is the only one in the 
series that exhibits aldehyde-aromatic proton coupling.
NO> 






The -^H NMR spectrum of 5-bromo-2-(5-hydroxy-3-oxa- 
pentyloxy)-benzaldehyde (48) in chloroform-d exhibits a 
downfield doublet at 7.91 ppm with coupling constant 2.6 Hz, 
a doublet of doublets at 7.61 ppm with coupling constants 
8.8 and 2.6 Hz, and an upfield doublet at 6.90 ppm with 
coupling constant 8.8 Hz. The proton at 7.91 ppm is
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assigned to that proton ortho to the formyl group because of 
the small meta coupling. Ortho proton coupling constants 
are on the order of 6-10 Hz.70 The proton at 6.9 ppm, a 
doublet with a coupling of 8.8 Hz, is assigned to the proton 
ortho to the alkoxy group. The proton at 7.61 ppm, both 
meta and ortho coupled, is assigned to the proton para to 
the formyl group.
The aromatic region of the NMR spectrum of 3-phenyl- 
2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehyde (52) is complex 
because of the 3-phenyl group. However, in chloroform-d a 
doublet of doublets at 7.84 ppm with coupling constants of 
7.7 and 1.6 Hz is isolated from the other resonances. The 
proton ortho to the formyl group is assigned this resonance 
because ortho protons of benzaldehydes are farther downfield 
than those of biphenyl.70 In dimethyl sulfoxide-dg doublets 
at 7.72 ppm with coupling of 7.5 Hz and at 7.66 ppm with 
coupling of 7.5 Hz are downfield from the complex 
multiplets. The resonance at 7.72 ppm is assigned to the 
proton ortho to the formyl, and the proton absorption at 
7.66 ppm is assigned to the proton para to formyl group for 
the same reasons as above.
The hydroxy proton of the substituted benzaldehydes 
appears as a broad singlet between 2.75-2.04 ppm in 
chloroform-d and in dimethyl sulfoxide-dg, in the latter 
presumably overlapping with the water resonance.
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The assignment of 13C resonances in the diethylenoxy 
series is particularly important because they will serve as 
models for the chain tautomer in the ethylenoxy series. The 
aldehyde carbons appear between 191.12-188.2 ppm and are 
consistent with formyl carbon-13 shifts of 2-alkoxy 
benzaldehydes, as previously mentioned.
All the substituted diethylenoxy benzaldehydes, except 
the 3-nitro, exhibit four absorptions in the methylene 
region of the 13C NMR spectra (see Experimental). The 13C 
chemical shifts of the methylene carbons of 2-(2-phenoxy- 
ethoxy)-ethanol (65) were calculated with equation 7 .75
Cm ( p p m )  = - 2 . 3  + ^ n i m A i  ( e q n  7 )
where C™ is the calculated carbon chemical shift and n^m is 
the number of substituents in the i-th position (alpha, beta 
or gamma) relative to carbon m. A^ is the incremental 
substituent effect on carbon m for the i-th position 
substituent, and -2.3 is the standard position.75 The 
calculated chemical shifts in this model compound suggest 
that carbon 3 is furthest downfield and carbon 4 is furthest 
upfield. Assignment of carbon 1 and 2 is ambiguous because 
there is no distinction between phenoxy and alkoxy 
substituent effects. The calculated chemical shifts of 
carbon 3 to 4 are in good agreement with the observed values 
(see Table 4 ) ,76
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The chemical shifts of carbons 3 and 4 in the diethylen­
oxy benzaldehydes, whose methylene carbons are similarly 
numbered as in structure 65, are assigned as shown in Table 
IV. Consistently the chemical shift furthest downfield is 
assigned to carbon 3 and the one furthest upfield is 
assigned to carbon 4.
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Table 4. Characteristic 13C NMR Chemical Shifts of Methylene 
Carbons 3 and 4 of Substituted 2-(5-Hydroxy-3-oxa-pentyl- 
oxy)-benzaldehydes.
Compound Carbon 3a Carbon 4a
65 (Calcd) 74.7 62.7
(actual)k 72.6 61.1
35 CDC13 72.8 61.7
47 CDCI3 72.7 61.7
48 CDCI3 72.8 61.8
DMSO-d6 72.54 60.23
49 CDCI3 74.9 61.8
DMSO-d6 75.07 60.19
50 CDC13 74.7 61.8
DMSO-dg 74.6 60.0
51 CDCI3 75.53 61.81
DMSO-dg 75.06 59.87
52 CDCI3 73.62 61.69
DMSO-dg 73.79 60.17
a. chemical shifts in ppm
b. obtained from ref. 76
Comparison of methylene carbons 1 and 2 chemical shifts 
of 35 and 48 with those of model compound 65 indicates that 
the fi-formyl group has no significant effect on their 
chemical shifts (see Table 5). Methylene carbons 1 and 2 of
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35 and 48 correlate well with those of 65 and are assigned
«
to the appropriate chemical shifts- However, when another 
ortho substituent is introduced along with fi-formyl group as 
in 47 and 49-52, as well as another substituent on the ring, 
the chemical shifts of carbons 1 and 2 change significantly 
and do not correlate with values for 65. Comparison of the 
methylene carbons of the ethoxy group in 2-ethoxybenzal- 
dehyde63 with 2-ethoxy-3-methoxy-benzaldehyde,77 and in 4- 
ethoxy-3-methoxy-benzaldehyde78 with 2-ethoxy-3-methoxy- 
benzaldehyde shows that by introduction of another ortho 
substituent (3-methoxy or 3-formyl depending on the 
comparison) the methylene carbon shifts considerably 
downfield, approximately 6 ppm in each case. This suggests 
that incorporation of the second ortho substituent in 47 and 
49-52 may be causing the slight downfield shift of carbons 1 
and 2. On the other hand, the reason for this downfield 
shift in carbons 1 and 2 may result from an inductive effect 
associated with the substituted phenoxy unit. Examination 
of methylene carbons in 2-(methoxy)-ethoxy-benzene79 and 3- 
(2-methoxy-ethoxy)-benzoic acid80 indicates that the 
methylene carbon bearing the methoxy group is further 
downfield than the methylene carbon bearing the. phenoxy 
group. On the basis of this presumption methylene carbons 1 
and 2 for compounds (47, 49-52) are assigned as indicated in 
Table 5.
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Table 5. Characteristic 13C NMR Chemical Shifts of Methylene 
Carbons 1 and 2 of Substituted 2-(5-Hydroxy-3-oxa-pentyl- 
oxy)-benzaldehydes.
Compound Carbon la Carbon 2a
65b CDC13 68.6 69.3
35 CDCI3 68.2 69.5
48 CDCI3 68.7 69.4
DMSO-dg 68.67 68.95
47 CDCI3 70.1 70.1
49 CDCI3 70.0 72.7
DMSO-dg 69.53 72.33
50 CDCI3 70.0 72.6
DMSO-dg 69.2 72.1
51 CDCI3 69.97 72.66
DMSO-dg 69.16 72.1
52 CDCI3 69.84 72.29
DMSO-dg 69.27 72.15
a. chemical shift in ppm
b. obtained from ref. 76
Some general comments can be made about the aromatic 
13C NMR chemical shifts of substituted diethylenoxy 
benzaldehydes (see Table 6). The aromatic carbon 2 (see 
Figure 4) bearing the 5-hydroxy-3-oxa-pentyloxy substituent 
is the furthest downfield. Aromatic carbon 4 was the next 
furthest downfield relative, except in the 3-nitro compound.
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Another fascinating trend is the halogen substituent effect 
on aromatic carbons 3 and 5 of 49-51. Aromatic carbons 
attached to iodine are well upfield from the bromine-bearing 
carbons, which are upfield from chlorine-bearing carbons.81 
Examination of carbons 3 and 5 of 3,5-dichloro-, 3,5-di- 
bromo- and 3,5-diiodo-2-(5-hydroxy-3-oxa-pentyloxy)- 
benzaldehydes (49-51) in Table 6 shows this variable 




Figure 4. Aromatic position assignment of 13C NMR.
The calculated 13C NMR chemical shifts of aromatic 
carbons for the substituted 2-(5-hydroxy-3-oxa-pentyloxy)- 
benzaldehydes were determined by equation 8,8 1 '82 where C1 
is the calculated chemical shift for the i-th carbon and 
128.5 is the standard chemical shift of benzene. The term 
Aj is the incremental substituent effect for the substituent 
in the j-th position, and n^j is the number of substituents 
in the j-th position (C-l, ortho, meta, para) relative to 
carbon i.8 1 *82
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C1 (ppm) = 128.5 + ^n-LjAj (eqn 8 )
The calculated and assigned aromatic carbon chemical 
shifts are recorded in Table 6 . Comparison of the cal­
culated chemical shifts with the observed values indicates 
that, although the numerical correlation is uneven, the 
assignments of the aromatic carbons are consistent (see 
Table 6). Carbon 2 is always at lowest field, for example. 
Possible ambiguities involve the distinction between carbons 
1 and 5 and between carbons 3 and 6 in 47; between carbons 3 
and 5 in 48; and between carbons 5 and 6 in 50. Carbon 4 
shows the best correlation with the calculated chemical 
shift values, deviating by 3 ppm for the diiodo compound.
The assignment of the aromatic carbons of 3-phenyl-2-(5- 
hydroxy-3-oxa-pentyloxy)-benzaldehydes (52) is ambiguous 
because of the four extra aromatic carbons of the 3-phenyl 
substituent. However, the carbon bearing the alkoxy group, 
the furthest downfield, is easily assigned.
When there are steric interactions between two or more 
substituents on the benzene ring, the substituent parameter 
effects are not additive,8 1 '83 which explains why there is 
not a good correlation between the calculated and observed 
chemical shifts. Netzel82 has observed in methyl substitu­
ted phenols, anilines and thiophenols that, when two or more 
substituents are on adjacent aromatic carbons, the observed
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chemical shifts of the substituted aryl carbons are shifted 
upfield from their calculated shift values by -2.0 ppm for a 
substituent with one adjacent substituent and -3.8 ppm for a 
substituent bound by two substituents. It was also observed 
that isolated or unsubstituted aromatic carbons were shifted 
downfield with respect to their calculated values obtained 
from substituent parameter. The lack of correlation in the 
diethylenoxy series may well be another example of this 
empirical observation made by Netzel. The carbon 2 with one 
or more adjacent substituents is shifted upfield from the 
calculated values by as much as 11 ppm (47, 49-52). The 
carbons with no substituent or isolated substituents are 
sometimes shifted downfield, as predicted by Netzel; but in 






Table 6. 13 C NMR Chemical Shifts 
b e n z a l d e h y d e s .
of Aromatic Carbons of Substituted 2-(5-Hydroxy-3-ox«-pentyloxy)-
C o m p o u n d 0 1 C-2 0 3 C -4 0 5 0 6
35  Calcd 122.7 161.2 114.7 135 121.4 130.8
CDCj 125.1 161.1 112.9 135.9 121.4 128.6
C alcd 123.6 156.4 134.7 130.2 122.3 136.6
CDCi 124.4 155.2 131.8 130.7 124.4 133.4
C alcd 124.4 159.6 116.4 138.4 115.9 134.2
4  8  CDC£ 126.6 160.0 114.9 138.2 113.9 131.2
DM SO-c^ 126.01 160.18 116.90 138.59 112.73 129.73
C alcd 126.1 163 110.9 141.8 117.6 132.6
4 9  CDC^ 130.5 158.1 118.2 141.2 119.0 132.1
DMSO-tfe 130.07 157.98 117,52 140.89 119.46 132.17
C alcd 125.3 159.7 122.2 135.8 128.9 129.3
5 0 CDCi 129.6 156.5 126.6 135.5 130.5 131.8
D M S O -^ 129.1 156.2 126.1 135.0 129.2 131.5
C alcd 128.7 172.2 85.7 155 92.4 141.8
5 1 CDCjj 131.62 161.36 89.31 152.49 94.15 137.77
DMSO-dg 131.27 160.82 90.24 151.59 96.06 136.51
Low resolution mass spectral analysis of the substitu­
ted 2-(5-hydroxy-3-oxa-pentyloxy)-benzaldehydes shows 
several trends. All molecular ions, except that for the 3- 
nitro compound, are observed. All bromine and chlorine 
substituted compounds show isotopic pairs of molecular ions 
with appropriate intensities. All the benzaldehydes 
fragmented mainly between the oxygen of the phenoxy group 
and the methylene carbon of the alkoxy group, as shown in 
Scheme VI, which is consistent with known fragmentation of 
aromatic ethers.84
Scheme VI
Except for the 3,5-diiodo compound, all these compounds had 
a base peak or one of at least 50% intensity at M-89 m/z 
and/or at 89 m/z, which correspond to the phenoxy and 5- 
hydroxy-3-oxa-pentyl units, respectively (see Scheme VI). A 
major fragment with mass 63 m/z, appearing in some of the 
spectra, is assigned to the fragment: ethylene glycol + H.
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Some representative IR, 1H and 13C NMR spectra of compounds 
in the diethylenoxy series are included in the Appendix.
Inasmuch as the diethylenoxy series showed no tendency 
for ring-chain tautomerism, the investigation was directed 
toward the ethylenoxy series, where 7-membered rings might 
result. The synthesis, characterization and R/C tautomerism 
studies of the ethylenoxy series, substituted 2-(2-hydroxy- 
ethoxy) -benzaldehydes (31, 34, 53-60), will now be 
discussed. The initial synthetic approach to these 
benzaldehydes by selective reduction of substituted lactones 
was abandoned for a more short, direct, and successful 
approach. The substituted benzaldehydes were obtained by 
alkylation of the appropriate salicylaldehydes. Several 
methods of alkylation were tried with salicylaldehyde to 
determine which was preferred for preparation of substituted 
ethylenoxy, as well as, diethylenoxy benzaldehydes. No 
reaction occurred between salicylaldehyde, 2-chloroethanol 
2and benzyltrimethylammonium hydroxide as determined by 
recovery of the salicylaldehyde. Similarly, salicylaldehyde 
was unreactive with 2-chloroethanol and benzyltrimethyl­
ammonium hydroxide under phase-transfer conditions. On the 
other hand, alkylation of salicylaldehyde with 2-chloro- 
ethanol and benzyltrimethylammonium chloride under phase- 
transfer conditions afforded a 3% crude yield of 2-(2- 
hydroxyethoxy)-benzaldehyde, as determined by IR comparison 
with known material.60 Because phase-transfer catalysis has
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been used effectively for the synthesis of phenol ethers,55 
the low yield was unexpected and disappointing. Failure of 
the phase-transfer method may be due to reaction of 2- 
chloroethanol with hydroxide ion in the aqueous phase, in 
which it was observed to be soluble.
Prolonged treatment of salicyaldehyde with excess 2- 
chloroethanol and triethylamine in refluxing acetonitrile 
afforded 2-(2-hydroxyethoxy)-benzaldehyde (34) in 17% yield, 
with a 72% recovery of the salicylaldehyde. Alkylation of 
salicylaldehyde with 2-chloroethanol and potassium carbonate 
in DMF gave 34 in 11% yield, but the alkylation failed with 
sodium carbonate. The same product was obtained in 12% 
yield, after column chromatography, by alkylation in aqueous 
base.5 4 '85 Because of these unsatisfactory results, it was 
decided to preform the salicylaldehyde salts, which would 
then be treated in DMF with the appropriate alkylating 
agent, 2-bromoethanol or 2- (2-chloroethoxy)-ethanol, to 
afford the desired ethylenoxy or diethylenoxy benzaldehydes. 
The syntheses and methods for the purification of substi­
tuted salicylaldehydes and their corresponding salts were 
previously discussed.
The substituted 2-(2-hydroxyethoxy)-benzaldehydes, with 
the exception of 3-bromo-2-(2-hydroxyethoxy)-benzaldehyde 
(56), were prepared by alkylation of the corresponding sali­
cylaldehyde sodium salts with 2-bromoethanol in DMF as shown 
in Scheme VII. The commercially available 2-bromoethanol
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was used without further purification, and the DMF solvent 
was purified prior to use. Products were formed in low to 
moderate yields within a short period of time, in most 
instances, as monitored by TLC. The reaction time for the
5-nitro- and 3-nitro-2-(2-hydroxyethoxy)-benzaldehyde was 
longer, which suggests that the 5-nitro and 3-nitrosalicyl- 
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The purification procedure for the ethylenoxy benzalde­
hydes differed from that for the diethylenoxy series. The 
salicylaldehydes were separated from the products (see 
Scheme VII) by pouring the reaction mixture into aqueous 
base and extracting the alkylated product from the aqueous 
layer with methylene chloride. The salicylaldehyde remained 
in the aqueous layer as the sodium salt. In the 3-phenyl 
case, the organic layer was further extracted with aqueous
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base in order to remove all the 3-phenylsalicylaldehyde, 
which suggests that the corresponding sodium salt has a 
limited solubility in water. The 3-phenyl and 3-methyl-2- 
(2-hydroxyethoxy)-benzaldehydes were purified by preparative 
TLC, whereas the others were recrystallized from appropriate 
solvents.
Other alkylation procedures were employed in some 
instances. The 3-bromo- and 3,5-dibromo-2-(2-hydroxy- 
ethoxy) -benzaldehydes were prepared by the heterogenous 
reaction of the corresponding salicylaldehyde with 2- 
bromoethanol and potassium carbonate in DMF. In the case of 
the 3,5-dibromo compound, the yield was comparable to that 
from the sodium salt. The 3-bromo compound 56 was isolated 
by preparative TLC and recrystallized from hexane to afford 
a white solid, which was a 1 :0.2 mixture of the benzaldehyde 
56 and hexane, as determined by NMR. All attempts to 
remove the hexane by heating the solid below its melting 
point (68-70 °C) at vacuum pump pressure were unsuccessful. 
However, heating the solid above its melting point at 
aspirator pressure removed the hexane and afforded a higher- 
melting solid, whose HRMS is consistent with structure 56. 
Interestingly, when 5-bromosalicylaldehyde was subjected to 
the same heterogeneous alkylation conditions, the product 
indicated was a homogeneous mixture of 5-bromo-2-(2- 
hydroxyethoxy)-benzaldehyde (55, MW = 244), 5-bromo-2-(5- 
hydroxy-3-oxa-pentyloxy)-benzaldehyde (MW = 288) and 5-
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bromo-2-(8-hydroxy-3,6-dioxa-octyloxy)-benzaldehyde (MW = 
332), as deduced from its mass spectral analysis. The IR 
spectrum of this material resembled that of 55, and it was 
homochromic by TLC. Although this polyalkylation was not 
observed in other preparations, it may in fact be a 
complicating factor, which accounts for the difficulty in 
purifying some of the alkylation products.
The product 31 was prepared by alkylation of 3,5- 
dichlorosalicylaldehyde with 2-bromoethanol in aqueous base 
in a yield suprisingly comparable to that from the sodium 
salt. The 5-bromo-2-(2-hydroxyethoxy)-benzaldehyde (55) was 
also prepared in aqueous base by alkylation with 2-chloro­
ethanol, but in a yield only half that from the sodium salt.
In most instances elemental analyses of the alkylation 
products confirmed the structures. The 3-methyl compound 
was analyzed as its semicarbazone; the 3-phenyl and 3-bromo 
compounds were confirmed by high resolution mass 
spectrometry.
Limited information has previously been reported on 
ring-chain tautomerism studies of 3,5-dichloro-2-(2- 
hydroxyethoxy)-benzaldehyde and the parent benzaldehyde 34. 
Dewhurst28 reported that the unsubstituted 2-(2-hydroxy- 
ethoxy) -benzaldehyde (34) exists solely as 34[C] in CDCI3 , 
as determined by NMR. Hullar and Failla29 observed that 
3,5-dichloro-2-(2-hydroxyethoxy)-benzaldehyde (31) exists as 
a ring-chain tautomeric mixture (31[R]:31[C], K = 2.5) in
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DMSO-dg, as determined by NMR. The ring-chain 
equilibrium (K - [R]/[C]) was calculated from the integra­
tions of the methine and aldehyde protons appearing at 5.93 
and 10.57 ppm, respectively. Since the only difference 
between 31 and 34 is the aromatic substitution, it was of 
great interest to see whether incorporation of other 
aromatic substituents in 34 would promote ring-chain 
tautomerism in the ethylenoxy series.
As previously explained, the presence of the chain 
tautomer would be confirmed by the aldehyde [C] proton at 
10.4 ppm and carbon at 189 ppm. The ring tautomer would be 
confirmed by the methine [R] proton at 5.9 ppm and carbon at 
97-102 ppm. These chemical shifts are approximations; the 
observed values for [C] in the diethylenoxy series were; 
aldehyde proton, 10.56-10.13; aldehyde carbon, 191.2-188.2. 
Because there is a clear difference between the predicted 
aldehyde and methine chemical shifts in both 1H and 13C 
spectra, it was reasoned that the ring and chain tautomers 





The 1H and 13C NMR spectra of 31, 54 and 56-60 in 
chloroform-d, acetonitrile-d3 and dimethyl sulfoxide-dg 
showed aldehyde proton and carbon absorptions between 10.5- 
10.2 ppm and 191.67-187.98 ppm, respectively, as well as 
methine proton and carbon absorptions between 5.9-5.6 ppm 
and 102.94-94.53 ppm, respectively. Because both types of 
protons and carbons were observed for these benzaldehydes, 
it can be concluded that each exists as a ring-chain 
tautomeric mixture ([R] and [C]) in solution. On the other 
hand, the -^H and 13C NMR spectra of 34, 53 and 55 in the 
same three solvents showed only aldehyde proton at 10.5- 
10.36 ppm and aldehyde carbon at 189.36-187.34 ppm. 
Therefore, the unsubstituted and 5-substituted 2-(2- 
hydroxyethoxy)-benzaldehydes exist solely as the chain 
tautomers 34[C], 53[C] and 55[C] in solution, within the 
limits of detection.
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While NMR was used to determine the tendency for ring- 
chain tautomerism of the ethylenoxy benzaldehydes in solu­
tion, they could be examined by IR as neat liquids or solid 
suspensions. Although the presence of OH and C=0 stretching 
in an IR spectrum serves to confirm the presence of the 
chain, it does not prove the absence of the ring tautomer.
On the contrary, the lack of O O  stretching indicates the 
detectable presence of only the ring tautomer. The IR 
results are consistent with the NMR spectra, as follows. 
Those compounds in the series which appear from NMR to be 
solely chain tautomers (5-bromo and 5-nitro) exhibit strong 
carbonyl absorptions at 1675 and 1685 cm”1, respectively.
IR spectra of neat 3-phenyl (neat) and 3-methyl (KBr) 
compounds, which by NMR consist of both tautomers in 
solution, show carbonyl absorptions at 1680 cm-1 and OH 
stretching absorptions. The IR spectra (KBr matrix) of 3- 
nitro-, 3,5-diiodo-, 3,5-dichloro- and 3,5-dibromo-2-(2- 
hydroxyethoxy)-benzaldehydes show OH stretching absorption 
between 3600-3100 but no carbonyl absorption. Thus, these 
compounds are considered to be solely ring tautomers [R] in 
the solid state, within the limits of detection by IR.
The NMR features of the ethylenoxy compounds will now 
be discussed in more detail beginning with the 1H NMR 
spectra. The formyl proton of the chain tautomers [C], 
appears as a singlet at 10.5-10.2 ppm in all cases except 
for the 3-brorao-2-(2-hydroxyethoxy)-benzaldehyde. In the 3-
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bromo compound it is a doublet with coupling of 0.77-0.78 
Hz. This coupling constant is in agreement with known 
coupling of the formyl proton with the meta proton, as 
previously described.72-74 The methinyl proton of the ring 
tautomers [R], between 5.97-5.64, is observed to shift 
upfield by 0.1 ppm for a given compound as solvent was 
changed from chloroform-d to acetonitrile-d3 to dimethyl 
sulfoxide-d5 , in all cases except 3-bromo and 3-methyl 
benzaldehydes, where the converse occurs. Interestingly, in 
all cases except for the 3-bromo-, 3-methyl- and 3-phenyl 
ethylenoxy benzaldehydes, the methine proton appears as a 
doublet (J is approximately 5 Hz) in all three NMR solvents. 
This is due to coupling with the hydroxyl proton, which was 
confirmed by comparing the integrations and coupling 
constants and conversion to a singlet on addition of D2O.
Since the NMR solvents were contaminated with small 
amounts of water, the question arose as to whether the 
methine absorption is due to the ring tautomer or a hydrate 
of the benzaldehyde. This question was answered by compar­
ison of the results with the similarly substituted diethyl- 
enoxy series, which were examined in the same NMR solvents. 
Because no comparable absorptions appear in this region of 
their NMR spectra, it can be concluded that this absorption 
is not due to a hydrate of the benzaldehyde, but to the ring 
tautomer. Furthermore, the methine of a hydrate would be 
expected to appear as a triplet rather than a doublet.
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Benzaldehydes in general are not significantly hydrated in 
water, as indicated by their hydration constants of less 
than 0 .2 , probably because of the accompanying loss of 
resonance stabilization.86 Interestingly, addition of D20, 
or even the residual water in the solvent does not affect 
the equilibrium as determined from the integrations.
Some interesting observations about the hydroxyl proton 
are noteworthy. Even though the NMR solvents were contamin­
ated with water, the hydroxyl protons of both [R] and [C] 
ethylenoxy compounds were usually clearly discernable. 
Exceptions are the 3-bromo, 3-methyl and 3-phenyl compounds, 
where presumably the hydroxyl protons appear with the water 
peak. The hydroxyl proton absorption of [R] is always 
doublet downfield from that of [C], a triplet. This is 
consistent with the observations of Chapman and King,87 who 
state that the chemical shift of a hemiacetal hydroxyl 
proton lies further downfield than that of a normal 
aliphatic hydroxyl proton. These assignments were confirmed 
by a comparison of their integrations with those of the 
aldehyde and methine protons. All hydroxyl protons were 
exchanged upon addition of D20. It is surprising that the 
hydroxyl protons are coupled not only in dimethyl sulfoxide- 
dg, which is known to slow down exchange of the hydroxyl 
proton,87 but also in chloroform-d and acetonitrile-d3 . It 
should be noted that these spectra were measured at 360 MHz. 
In the spectrum of the 3,5-dichloro compound in chloroform-d
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at 90 MHz, the methine appears to be a singlet, while the 
hydroxyl proton does not appear separately from the water 
peak. This suggests that the proton exchange is slow at 360 
MHz.
Assignment of aromatic protons to the [R] and [C] 
tautomers in 31, 53-60 was based upon chemical shifts 
(compared to those in the corresponding diethylenoxy [C] 
compounds), integrations compared to those of the aldehyde 
and methine protons, and coupling constants. In general the 
aromatic protons of the ring tautomer are further upfield 
than those of the chain tautomer. First, the aromatic 
protons of the chain tautomers will be discussed and then 
those of the ring tautomers.
The aromatic protons of the chain tautomers of 3,5- 
dihalo compounds 31, 57,58 appear as two doublets and are 
assigned as shown in Table 7. H^ and H2 are designated as 
the protons ortho and para, respectively, to the formyl 
group (see structure 66). The observed meta coupling 
constant ranges are 2.5-2.63 Hz (31), 2.3-2.5 Hz (57) and 
1.9-2.1 Hz (58). The ^H NMR chemical shifts of Hj^  and H2, 
when compared with those of corresponding diethylenoxy 
compounds (49-51) (see Table 7) show an excellent corre­
lation and are assigned as such for the same reasons as 
stated for the diethylenoxy compounds. Some general 
comments can be made about the chemical shifts of H^ and H2. 
The chemical shift of H^ is further downfield than that of
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H2 . in a given compound shifts downfield as the solvent
polarity increases from chloroform-d to dimethyl sulfoxide- 
dg, while H2 remains essentially unchanged. The H2 
resonance shifts downfield as the ortho substituents change 
from Cl to Br to I, which indicates the relative deshielding 
effect of I relative to Br relative to Cl(ortho proton of 
1,3-diiodobenzene88: 8.04 ppm, of 1,3-dibromobenzene89: 7.55 
ppm, of 1,3-dichlorobenzene90: 7.39 ppm)
Table 7. Characteristic NMR Chemical Shifts in the 


















57 CDCI3 7.92 7.88
CD3CN 8.04 7.85
DMSO-dg 8.22 7.79
C (CDCI3 ) 7.92 7.89
58 CDCI3 8.31 8.07 '
CD3CN 8.41 8.03
DMSO-dg 8.43 7.92
d (CDCI3 ) 8.30 8.06
d (DMSO-dg) 8.41 7.92
a. chemical shifts values in ppm
b. chemical shifts values of 50
c. chemical shifts values of 49
d. chemical shifts values of 51
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The aromatic protons of the chain tautomers of the 3- 
substituted 2-(2-hydroxyethoxy)-benzaldehydes are assigned 
as shown in Table 8 . Protons H^, H2 and H3 are designated 
as the protons ortho, meta and para, respectively, to the 
formyl proton (see structure 6 8). Some generalizations can 
be made about these protons and their assignments. Proton 
H2 is always upfield from the other two because of the 
electron-rich, para alkoxy group. The chemical shift of H3 





Table 8 . Characteristic 1H NMR Chemical Shifts in the 
Aromatic Region of the Chain Tautomers [C] of 3-Substituted 
2-(2-Hydroxyethoxy)-benzaldehydes.


















































61 CDCI3 7.67 7.14 7.43
a. chemical shift values in ppm
b. calculated values using equation 671
c. chemical shift values of compound 52
d. see structure 68
First, the assignments of the 3-nitro-2-(2-hydroxy- 
ethoxy) -benzaldehyde (54) protons will be discussed. H2 is 
assigned to the proton meta to the formyl group, for the 
following reason. Appearing furthest upfield, it is an 
apparent triplet with a coupling constant of 7.9-8.0 Hz in 
all three solvents. Equal ortho coupling (literature values
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6—10 Hz70) to Hi and H3 would account for the apparent 
triplet. is assigned to the proton meta to the formyl
group for the following reasons. Protons H3 and H3 in 
chloroform-d have the same chemical shift and appear as 
doublet (J - 7.9 Hz). However, in acetonitrile-d3 two 
doublet of doublets at 8.11 and 8.06 ppm with coupling 
constants of 8.0 (ortho) and 1.8 Hz (meta) are observed. 
Proton H3 is assigned to the furthest downfield resonance 
because protons ortho to the nitro group are' further 
downfield than protons ortho to the formyl group in 3- 
nitrosalicylaldehyde91 and 4-nitrobenzaldehyde92. In 
dimethyl sulfoxide-dg, H3 is assigned as the furthest 
downfield doublet of doublets (J (ortho) = 7.9 Hz, J (meta) 
= 1.7 Hz) relative to H3 for the same reasons as stated 
above.
The aromatic proton -^H NMR chemical shifts of 3-bromo-
2-(2-hydroxyethoxy)-benzaldehyde (56[C]) were assigned as 
indicated in Table 8 . Although the calculated chemical 
shift values for H3 and H3 are virtually the same, they are 
nevertheless both downfield from the calculated value for 
H2 . In acetonitrile H2 appears as a triplet of doublets at 
7.18 ppm with coupling constants of 7.9 and 0.77 Hz. The 
apparent triplet is explained by equal ortho coupling to H^ 
and H3. The smaller coupling of 0.77 Hz is consistent with 
known literature values73 for formyl proton coupling with 
the meta proton. The formyl proton appears as a doublet.
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also with coupling of 0.77 Hz. This coupling of H2 with the 
formyl proton is effective in distinguishing the meta proton 
of the chain tautomer from that of the ring tautomer. The 
H2 proton in chloroform-d and dimethyl sulfoxide-dg is a 
multiplet at 7.11 and 7.29-7.23 ppm, respectively. In 
chloroform-d the formyl proton is also a multiplet, 
indicating coupling with the meta proton. Proton is 
assigned as further downfield than H3 on the basis that 
ortho protons of benzaldehyde are further downfield than 
those in bromobenzene.70 In acetonitrile and dimethyl 
sulfoxide-dg proton appear as a doublet of doublets at 
7.86 ppm and 7.96 ppm, J - 7.9 (ortho) and 1.7 (meta) Hz and 
7.9 (ortho) and 1.6 (meta) Hz, respectively (see Table 8). 
Proton appears as a multiplet in chloroform-d. Proton 
H3 , assigned as the proton para to the formyl group, appears 
as a doublet of doublets at 7.49 ppm in chloroform-d, at 
7.53 ppm in acetonitrile-d3 and 7.56 ppm in dimethyl 
sulfoxide-dg, with J (ortho) = 7.9 Hz and J (meta) = 1.6-
1.7 Hz.
The aromatic region of the 1H NMR spectrum of 3-phenyl-
2-(2-hydroxyethoxy) -benzaldehyde (59) is complex because of 
the phenyl group, but the H^ and H3 resonances are isolated 
from the others. The chemical shift for is very close to 
that assigned to H^ in the 3-phenyl diethylenoxy compound 52 
(see Table 8). Proton H^ appears as a doublet of doublets 
in all three solvents with J « 7.6-7.7 (ortho) Hz and 1.7
165
(meta) Hz. Except in acetonitrile-d3 , H3 is isolated, 
appearing as a doublet of doublets at 7.61 ppm in 
chloroform-d and 7.65 ppm in dimethyl sulfoxide-dg, with J =
7.6-7.7 (ortho) Hz and 1.7 (meta) Hz. Only in chloroform-d, 
is H3 isolated from the other resonances, appearing as an 
apparent triplet at 7.33 ppm with a coupling of 7.6 Hz.
The aromatic protons of the chain tautomer of 3-methyl-
2-(2-hydroxyethoxy)-benzaldehyde are assigned as indicated 
in Table 8 . H3 is assigned to the resonances furthest 
upfield, 7.14-7.10 ppm in chloroform-d and 7.22-7.08 ppm in 
dimethyl sulfoxide-dg and appears as a complex multiplet 
because of overlapping resonances with protons of the ring 
tautomer. It is known that the ortho protons of benzal­
dehyde are further downfield than in toluene,70 and the 
protons ortho to the formyl group in 4-methylbenzaldehyde 
are further downfield than those ortho to the methyl 
group.93 Consequently, proton H^ is assigned as the 
furthest downfield resonance, 7.66 ppm, in chloroform-d and 
H3 as the remaining upfield resonance at 7.41 ppm. In 
dimethyl sulfoxide-dg, H^ and H3 appear at the same chemical 
shift. Both H3 and H3 appear as an apparent doublet with 
ortho coupling of 7.7 Hz. The protons of the acetylated 
product, 3-methyl-2-(2-acetoxyethoxy)-benzaldehyde (61) 
which is a good model for the chain tautomer, show an 
excellent correlation with those in 60[C] and are 
accordingly assigned as shown in Table 8 . This excellent
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correlation supports the assignment of the H^, H2 , and H3 
proton resonances in the chain tautomer.
The assignment of the aromatic protons of the chain 
tautomers of the 5-bromo-2- (2-hydroxyethoxy) -benzaldehyde 
(55) and 5-nitro-2-(2-hydroxyethoxy)-benzaldehyde (53) is 
based on the observed coupling. The aromatic protons Hlf H2 
and H3 are designated as the protons ortho, para and meta to 
the formyl group, respectively (see structure 69).
6 9
Proton Hi of 55 appears furthest downfield as a doublet at 
7.91 ppm in chloroform-d, at 7.81 ppm in acetonitrile-d3 and 
at 7.71 ppm in dimethyl sulfoxide-d5 with a meta coupling 
constant of 2.6 Hz. Since these resonances show only meta 
coupling, proton H^ is assigned to these absorptions. 
Resonances at 6.90 ppm in chloroform-d, at 7.08 ppm in 
acetonitrile-d3 and at 7.23 ppm in dimethyl sulfoxide-d5 
appear as doublets with a coupling of 8 .9'Hz. This highest 
upfield proton with ortho coupling is assigned to the proton 
ortho to the alkoxy group, H3 . The absorptions that appear
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as a doublet of doublets at 7.62 ppm in chloroform-d, 7.69 
ppm in acetonitrile-d3 and 7.78 ppm in dimethyl sulfoxide-dg 
with J = 8.9 and 2.6 Hz are assigned to proton H3 because 
they are both ortho and meta coupled.
The aromatic protons of 5-nitro-2-(2-hydroxyethoxy)- 
benzaldehyde (53) are similarly assigned. The proton 
absorptions furthest upfield at 7.13 ppm in chloroform-d,
7.30 ppm acetonitrile-d3, and at 7.47 ppm in dimethyl 
sulfoxide-dg appear as doublets with ortho coupling of 9.2 
Hz. These absorptions are assigned to proton H3 adjacent 
to the electron-rich alkoxy group. The aromatic proton that 
appears furthest downfield as a doublet at 8.69 ppm in 
chloroform-d, 8.50 ppm in acetonitrile-d3 and 8.47 ppm in 
dimethyl sulfoxide-dg with only meta coupling of 2.9 Hz is 
assigned to H^. The resonances at 8.42 ppm in chloroform-d 
and acetonitrile-d3 and 8.39 ppm in dimethyl sulfoxide-dg 
appearing as doublet of doublets with coupling constants of 
9.2 (ortho) and 2.9 (meta) Hz are assigned to H3.
The aromatic protons in the ring tautomers [R] of 
compounds 31, 54, 56-60 can be assigned in most cases. In 
the 3-substituted compounds, aromatic protons Hj_, H2 and H3 
of the ring tautomer [R] are designated as those protons 
ortho, meta and para, respectively, to the methinyl group as 




All H2 protons of [R] are assigned to the resonances 
furthest upfield because they are para to the electron-rich
2-alkoxy unit and appear as a triplet with typical ortho 
coupling constants. The observed values of H2 and their 
coupling constants are given in Table 9.
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Table 9. Assignment of the Aromatic H3 Chemical Shifts for 
the Ring Tautomers [R] of 3-Substituted 2-(2-Hydroxy- 
ethoxy)-benzaldehydes.
Compound3 (Hz)
54, X = no2 cdci3 7.19 (7.9)
c d 3cn 7.21 (7.9)
DMSO-dg 7.25 (8 .0)
56, X = Br cdci3 6.93 (7.9)
c d 3cn 6.95 (7.9)
DMSO-d6 6.97 (7.8)
59, X = Ph cdci3 7.15 (7.6)
DMS0-d6 7.12 (7.6)
60, X - ch3 cdci3 6.94 (7.6)
DMSO-d6 6.91 (7.5)
a. see structure 70
b. chemical shift values in ppm
The H2 position in 3-substituted [R] does not shift signifi­
cantly with a change of solvent, as is noted in Table 9.
Protons Hx and H3 will be assigned by considering first 
the 3-nitro compound 54. The hydroxymethyl group has been 
chosen as a model for the methinyl substituent group to 
predict these chemical shifts, because no NMR information 
has been found in the literature on any acetal or hemiacetal 
compounds of benzaldehyde. Comparison of the chemical 
shifts of the ortho protons in nitrobenzene, benzyl 
alcohol,70 and 4-nitrobenzyl alcohol,94 indicates that the
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aromatic proton ortho to the nitro group should be furthest 
downfield. On this basis, H3 in [R] is assigned to the 
downfield doublet of doublets at 7.74 ppm in chloroform-d, 
at 7.70 ppm in acetonitrile-d3 , and at 7.75 ppm in dimethyl 
sulfoxide-dg. J (ortho) varies from 7.9-8.0 Hz and J (meta)
1.6-1.7 Hz. The next upfield resonances are assigned to H 3; 
these doublet of doublets appear at 7.68 ppm in chloroform- 
d, 7.66 ppm in acetonitrile-d3 and 7.69 ppm in dimethyl 
sulfoxide-dg with J-values identical to those for H3.
The protons H3 and H3 of 56 [R] are assigned by using 
the chemical shifts of the ortho protons in bromobenzene, in 
benzyl alcohol,70 and in p-bromobenzyl alcohol95 as models. 
Because the proton ortho to bromine is consistently 
downfield from that ortho to the hydroxymethyl group, the 
resonances furthest downfield in 56[R] are assigned to 
proton H3 (see structure 70) at 7.78 ppm in chloroform-d, 
7.73 ppm in acetonitrile-d3 and 7.70 ppm in dimethyl 
sulfoxide-dg. In acetonitrile-d3 and dimethyl sulfoxide-dg, 
J (ortho) is 7.7 and 7.8 Hz, respectively, and J (meta) is 
1.6 Hz. In chloroform-d 7.78 ppm is a complex multiplet 
because of overlapping resonances with those of the chain 
tautomer. H^ is assigned to the next upfield resonances at
7.31 ppm in chloroform-d (unresolved multiplet), 7.29 ppm in 
acetonitrile-d3 and 7.29-7.23 ppm in dimethyl sulfoxide-dg 
(unresolved multiplet) . In acetonitrile, this multiplet is 
a doublet of doublets of doublets (ddd) with coupling of 7.7
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(ortho), 1.6 (meta) and 0.5 Hz. Ortho benzylic coupling 
constants have been observed to be between 0.57-0.8 Hz and 
in some instances, slightly larger than those of para 
benzylic coupling constants.96-99 Consequently, this 
indicates that H^ is also coupled to the benzylic proton.
Protons Hi and H3 of the 3-phenyl ring tautomer 59[R] 
could not be sorted out from the other resonances associated 
with the 3-phenyl substituent.
The protons H^ and H3 of the 3-methyl compound 60[R] 
appear at the same chemical shifts, as is also the case with 
the ortho protons in 4-methylbenzyl alcohol.100 This 
observation suggests that the hydroxymethyl group is indeed 
a valid model for the methinyl group for purposes of estima­
ting chemical shifts.
Assignment of the aromatic protons in the 3,5-dihalo-2- 
(2-hydroxyethoxy)-benzaldehyde ring tautomers 31[R], and 57- 
58[R] are shown in Table 10. Protons H^ and H2 are designa­
ted as those ortho and para to the methinyl group, respec­
tively, as shown in structure 71. In general protons H^ and 
H2 shift downfield as the ortho substituents change from Cl 
to Br to I (see Table 10), which shows the increasing 




Table 10. Aromatic %  NMR Chemical Shift Assignments of the 
Ring Tautomers [R] of 3,5-Dihalo-2-(2-hydroxyethoxy)- 
benzaldehydes.
Compound3 Hi» «2b
31, X = Cl CDCI3 7.33 7.40
CD3CN 7.38 7.41
DMSO-dg 7.39 7.55
57, X - Br CDCI3 7.58 7.63
CD3CN 7.56 7.70
DMSO-dg 7.54 7.75
58, X « 1 CDCI3 7.76 8.01
CD3CN 7.73 8.06
DMSO-dg 7.69 8.00
a. see structure 71
b. chemical shift values in ppm
Because the 3,5-dibromo compound 57[R] has been examined 
in most detail, it will be discussed first. The proton 
is assigned to the upfield resonances (7.54-7.58 ppm) 
relative to H2 on the following basis. In the model
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compound 3-bromobenzy1 alcohol101 the proton ortho to both 
substituents is upfield to that para to the hydroxymethyl 
group. Furthermore, the former is at a higher field than 
the proton between the two bromines in 1 ,3-dibromobenzene.89
In acetonitrile-d3 this proton appears as a doublet of 
doublets, with J = 2.5 (meta) and 0.6 Hz, the latter is in 
good agreement with ortho-benzylic coupling constants, 0.57- 
0.8 Hz.96-99 A longe-range COSY (LRCOSY) experiment of 57 
in acetonitrile-d3 (see Appendix) indicates that indeed the 
upfield resonances relative to 57[C] at 7.56 and 7.70 ppm 
are those of the ring tautomer (designated as ArH [R]) 
because of the appearance of cross peaks (peaks off the 
diagonal) with the methinyl proton at 5.65 ppm (designated 
as 0CH0[R]). The experiment confirms that and H2 are 
coupled as well by the appearance of cross peaks. The 
doublets at 7.54 in chloroform-d and 7.58 ppm in dimethyl 
sulfoxide-d5 show meta coupling constants of 2.3 and 2.4 Hz, 
respectively, but not the smaller ortho benzylic coupling. 
The H2 downfield doublets (see Table 10) exhibit the 
identical, complementary meta coupling constants 
corresponding to those of H^.
The aromatic protons of 31[R] are assigned as shown in 
Table 10 on the basis of similar reasoning used for 57. The 
chemical shift of the proton ortho to both the chlorine and 
hydroxymethyl substituents in 3-chlorobenzyl alcohol102 is 
further upfield than the proton ortho to both chlorines in
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1,3-dichlorobenzene.90 Proton is therefore designated as 
the one ortho to the methinyl group and H2 as the one para 
to the methinyl group (see structure 71). Only in dimethyl 
sulfoxide-dg is the difference in chemical shifts between 
and Hj greater than 0.1 ppm, however (see Table 10 for 
assigned chemical shifts). and H2 exhibit identical meta
couplings of 2.5, 2.5, and 2.58 Hz in chloroform-d, 
acetonitrile-d3 , dimethyl sulfoxide-dg, respectively.
The largest chemical shift differences in and H2 
show up in the diiodo compound 58[R] (see Table 10). This
is also the case in the model compounds 3-iodobenzyl 
alcohol103 and 1,3-diiodobenzene,88 the difference being 
about 0.5 ppm for the two doubly ortho protons, with that in 
the former at a higher field. The proton ortho to the 
methinyl group, Hj_, is therefore assigned to the upfield 
doublet at 7.76 ppm in chloroform-d, 7.73 ppm in 
acetonitrile-d3 and 7.69 ppm in dimethyl sulfoxide-dg with 
coupling constants 2.0, 1.8 and 2.0 Hz, respectively. The 
proton ortho to the two iodines, H2 , is assigned to the 
downfield doublet at 8.01 ppm in chloroform-d, 8.06 ppm in 
acetonitrile-d3 and 8.00 ppm in dimethyl sulfoxide-dg with 
identical meta couplings to those of H^.
The assignment of methyl groups in the ring and chain 
tautomers of 3-methyl-2-(2-hydroxyethoxy)-benzaldehyde (60) 
can be deduced from the spectrum of the chain model 61, 
where the aromatic methyl resonance appears at 2.33 ppm in
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Ichloroform-d. The two methyl resonances in 60, appearing at 
2.33 and 2.24 ppm in chloroform-d, are therefore assigned to 
[C] and [R], respectively. The corresponding resonances in 
dimethyl sulfoxide-dg are at 2.30 ppm for [C] and 2.12 ppm 
for [R]. The assignment of the methyl resonances at 2.30 
and 2.12 ppm are also confirmed by comparison of their 
integrations with those of the formyl and methine protons.
Assignment of 13C NMR chemical shifts of the ring and 
chain tautomers in the ethylenoxy series will now be 
discussed. Comparison of the aldehyde 13C NMR chemical 
shifts of the diethylenoxy series, 191.12-188.2 ppm, with 
the ethylenoxy series, 191.67-187.98 ppm, shows an excellent 
correlation for [C]. The 13C NMR chemical shifts of the 
methine carbon of [R] in the ethylenoxy series, 102.94-94.53 
ppm, are compared favorably with known methine carbons, 
102.9-97.8 ppm. The methine carbon of [R] in 58 is assigned 
to the resonance at 95.61 ppm in chloroform-d, 95.70 ppm in 
acetonitrile-d3 and 94.53 ppm in dimethyl sulfoxide-dg 
because the intensities of these resonances are much greater 
than the other carbons in this region, which bear the iodine 
group.
Assignment of the aromatic 13C NMR chemical shifts of 
5-bromo- and 5-nitro-2-(2-hydroxyethoxy)-benzaldehydes and
3-methyl-2-(2-acetoxyethoxy)-benzaldehyde (61) are shown in 
Table 11 (see Figure 4 for carbon positions). Carbon 2 of 
53, 55 and 61 shows a poor correlation with predicted
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values, but is qualitatively consistent, and is assigned to 
the furthest downfield resonance for each. Comparison of 
the 5-bromo compound with 48 indicates that, although the 
correlation is uneven the carbon assignments are consistent. 
Possible ambiguities are carbons 3 and 6 , while carbon 4 
shows the best correlation. The observed chemical shifts of 
5-nitro-2-(2-hydroxyethoxy)-benzaldehyde as compared to 
calculated values, obtained by using equation 8 , 81 '82 shows 
that the correlation is generally consistent. Possible 
ambiguities involve carbons l and 6 . Carbon 3 is the 
furthest upfield. Comparison of the observed chemical 
shifts with the calculated aromatic shifts of 3-methyl-2-(2- 
hydroxy-ethoxy)-benzaldehyde (see Table 11) indicates a very 
poor correlation, but the observed shift of carbon 4 is 
consistent with the calculated value.
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Table 11. Assignment 
b e n z a l d e h y d e s .
13
of Aromatic C NMR Chemical Shifts 5-Substltuted 2-(2-Hydroxy ethoxy)'
C o m p o u n d C-1 C-2 C -3 C-4 C -5 C -6
C alcd 














126.6 160.0 114.9 138.2 113.9 131.2
CDCI
3
126.39 159.77 114.98 138.31 114.00 131.81
5  5  C I^  CN 127.31 161.45 116.86 139 .15 113.69 130.87
DM SO-dg 125.90 160.32 116.64 138.45 112.44 129.43
D M SO -df
o 126.01
160.18 116.90 138.59 112 .73 129.73
C alcd 123.6 167.0 115.6 130.2 141.4 126
5 3  CDCb
124.78 164.64 113.20 130 .63 141 .82 125 .29
CD CN3 124.33 166.33 115.05 131.51 142.29 125.43
DMSO-ck 123.07 167.0 115.6 130.9 140.74 124.03
a . chem ical shift v a lu e s  of 48.
The 13c aromatic region of the NMR spectra of substi­
tuted the ethylenoxy benzaldehydes, consisting of both [C] 
and [R], are very complex because it contains twelve l3c 
resonances. Complete assignment of all resonances would be 
difficult from calculated values or even by comparison to 
the chain tautomers in the diethylenoxy series, since some 
of the chemical shifts differ very slightly. Some 
generalizations can be made, however. The oxygen bearing 
carbons of [R] and [C] can be appropriately assigned because 
in most instances they are isolated from the other 
resonances and each other (see Table 12) and are furthest 
downfield. Comparison of the oxygen bearing carbon in [C] 
with those carbons in [C] of substituted 2-(5-hydroxy-3-oxa- 
pentyloxy)-benzaldehydes and in 3-methyl-2-(2-acetoxy- 
ethoxy)-benzaldehyde in Table 11 indicates that the 
assignments of the carbons are consistent. Therefore these 
resonances are assigned to the [C]. The oxygen bearing 
carbon of [C] in substituted 2-(2-hydroxyethoxy)-benzal­
dehydes is always downfield relative to [R] (see Table 12).
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Table 12. 13C NMR Chemical Shift Assignments of the Oxygen 
Bearing Carbons in the Ring and Chain Tautomers of Selected 
Substituted 2-(2-Hydroxyethoxy)-benzaldehydes.
Compound [C] Ca [R] Ca
31 CDC13 155.93 151.99
CD3CN 157.69 153.24
DMSO-dg 156.53 152.03
b (CDCI3) 156.5 —











57 CDCI3 157.46 153.50
CD3CN 159.17 154.71
DMSO-dg 157.99 153.46
d (CDCI3) 158.1 —
d (DMSO-dg) 157.98
58 CDCI3 160.59 156.6
CD3CN 162.39 —
e (CDCI3) 161.36 —
e (DMSO-dg) 160.82 —
59 CDCI3 158.59 154.34
CD3CN 160.39 155.55
DMSO-dg• 159.68 154.62




60 COCI3 160.29 155.68
DMSO-dg 160.48 155.68
g (CDCI3 ) 159.82
a. chemical shifts values in ppm
b. chemical shift value of carbon in 50.
c. chemical shift value of carbon in 47.
d. chemical shift value of carbon in 49.
e. chemical shift value of carbon in 51.
f. chemical shift value of carbon in 52.
g. chemical shift value of carbon in 61.
The methylene carbons are located in a region upfield 
from the methine and so are readily identified. All the 
substituted 2-(2-hydroxyethoxy)-benzaldehydes, except 5- 
nitro and 5-bromo (exist only as chain tautomers), show four 
absorptions in the methylene region, 50-80 ppm. The 13C NMR 
chemical shifts of the methylene carbons 1 and 2 of 2- 
phenoxy-ethanol (see structure 72, X = H) were calculated 
from equation 7 :75 carbon 1 (74.7 ppm) and 2 (62.7 ppm), and 
are consistent with the observed chemical shifts, carbon 1 
(69.05-68.80 ppm) and carbon 2 (60.85-60.80 ppm).104'76 
Methylene carbon 1 in methyl 2-(2-hydroxyethoxy)-benzoate 
(71.79 ppm),46 2-(2-chlorophenoxy)-ethanol (69.60 ppm),105 
and 2-(4-chloro-3-tolyoxy)-ethanol (69.50 ppm)106 is 
observed to be further downfield than methylene carbon 2 , 
(60.93, 61.00 and 61.1 ppm, respectively). Methylene carbon 
2 shifts only 0.3 ppm, while carbon 1 shifts 2 ppm with the 
changing of the phenoxy group. This suggests that methylene
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carbon 2 is only slightly influenced by the phenoxy substi­
tuent and therefore for any given phenoxyethanol compound, 
like substituted 2-(2-hydroxyethoxy)-benzaldehydes, the 




The chemical shift of the furthest upfield resonances of 5- 
nitro (53) and 5-bromo (55) compounds, which only exist as 
chain tautomers, are between 59.23-60.90 ppm and 59.37- 
61.15 ppm, respectively, and are therefore assigned to 
methlylene carbon 2 as shown Table 13. The lower field 
carbon resonances are assigned to carbon 1 of the [C]. The 
chemical shift of the furthest upfield carbon resonance, 
59.23-61.83 ppm, of the four in the other ethylenoxy benzal­
dehydes (except in the 3-bromo case), is assigned to carbon 
2 of the [C] for similar reasons (see Table 13). The two 
"outer" methylenes are of similar intensity, as are the two 
"inner" methylenes, each thus appearing as a pair. A 
parallelism is noted between the intensities of formyl,
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Intensity ("outer” methylenes) 
Intensity ("inner” methylenes)
Since carbons of similar hydrogen substitution are being 
considered, it is probably valid to make this comparison by 
intensity. The observed chemical shift of methylene carbon 
2 of [C] shifts upfield as the polarity of the solvent 
increases from chloroform-d to dimethyl sulfoxide-dg. 
Methylene carbon 1 of the chain tautomers is observed to be 
shifted furthest downfield in acetonitrile-d3 .
The individual methylene carbons of the ring tautomer 
can not be assigned because no correlation parameter value 
is available for the acetal or hemiacetal unit or for a 
good model unit for the hemiacetal.
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Table 13. Methylene Carbon Assignments of the Chain 
Tautomers [C] of Substituted 2-(2-Hydroxyethoxy)- 
benzaldehydes.
Compound C_ia,b C-2a *b
53 CDC13 70.99 60.90
CD3CN 72.56 60.71
DMS0-d6 71.85 59.23
54 CDCI3 79.51 61.79
CD3CN 80.24 61.74
DMS0-d6 79.45 60.19
55 CDCI3 70.45 61.15
CD3CN 71.89 60.92
DMSO-dg 71.06 59.37
57 CDCI3 77.52 61.80
c d3cn 78.44 61.61
DMSO-dg 77.54 60.09
31 CDCI3 77.21 61.76
CD3CN 78.17 61.62
DMSO-dg 77.32 60.11
58 CDCI3 77.96 61.83
CD3CN 78.92 61.63
DMSO-dg 77.87 60.05
59 CDCI3 76.67 61.43
CD3CN 77.25 61.50
DMSO-dg 76.50 60.00
60 DMSO-dg 77.35 60.25
a. chemical shifts values in ppm.
b. see structure 72 for carbon assignment
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The 13C assignment of the methyl groups in the chain 
and ring tautomers of 3-methyl-2-(2-hydroxyethoxy)-benzal- 
dehyde can be deduced from the spectrum of the chain model 
61, where the aromatic methyl carbon appears at 15.73 ppm in 
chloroform-d. The two methyl absorptions in 60, appearing 
at 15.82 ppm in chloroform-d and 15.54 ppm in dimethyl 
sulfoxide-dg are assigned to [R] and those appearing at 
16.14 and 16.04 ppm in respective solvents are assigned to 
the [R].
The other methyl chemical shift of the acetoxy group in 
61 appears at 20.82 ppm and is consistent with known values 
of acetoxy methyl groups, 20.0 and 21.4 ppm.70
Low resolution mass spectral analysis of the sub­
stituted 2-(2-hydroxyethoxy)-benzaldehydes (31, 53-60) shows 
several trends. All molecular ions of these compounds are 
observed. All bromine and chlorine substituted compounds 
show molecular ions with expected isotopic distribution.
All the substituted 2-(2-hydroxyethoxy)-benzaldehydes are 
fragment mainly between the oxygen of the phenoxy group and 







All these compounds had a base peak or one with intensity 
greater than 40% at M-45, which corresponds to a net loss of 
the hydroxyethyl fragment (see Scheme IX). High resolution 
mass spectra of 54, 56 and 59 have molecular ions 
corresponding to their molecular formulas.
Some representative IR, and 13C NMR spectra of 
compounds in the ethylenoxy series are included in the 
Appendix.
Ring-chain tautomerism studies in the ethylenoxy series 
showed that some of the substituted 2-(2-hydroxyethoxy)- 
benzaldehydes exist as both the chain tautomer [C] and the 
seven-membered ring tautomer [R] in solution. In contrast, 
the diethylenoxy benzaldehydes with the same substituents 
exist solely as the chain tautomer [C] in solution, with no 
evidence for corresponding ten-membered [R] tautomer. The
3-nitro, 3,5-dichloro, 3,5-dibromo and 3,5-diiodo ethylenoxy 
benzaldehydes even in the solid state exist as the ring 
tautomer, as determined by IR.
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The equilibrium constants, K, of the substituted 2-(2- 
hydroxyethoxy)-benzaldehydes in three NMR solvents were 
determined from the integrations of the methine and aldehyde 
protons by the following equation:
integration of methine proton
K = ----------------------------------
integration of aldehyde proton
K is defined as £R]/[C] (see Table 14). Although a detailed 
statistical analysis was not done on each sample, the 
dependability of the K numbers is estimated to be better 
than + 0 . 1  from results on the 3,5-dichloro compound. The 
three NMR solvents, chloroform-d, acetonitrile-d3 and 
dimethyl sulfoxide-dg, were chosen because they ranged from 
the relatively nonpolar, chloroform-d, to polar dimethyl 
sulfoxide-dg. Since dimerization or polymerization could 
compete with ring-chain tautomerism, the concentrations were 
kept fairly low at approximately 0.029-0.059 M. In view of 
the studies on the same substituted diethylenoxy 
benzaldehydes, which were carried out at higher 
concentrations with no evidence of intermolecular reactions, 
it is assumed that any changes in the ethylenoxy series are 
due to ring-chain tautomerism.
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Table 14. Equilibrium Constants of Substituted 2-(2-Hydroxyethoxy)-benzaldehydes 
in Various Solvents.
Substituted K(DMSO)a K(CDaCN)* K(CDCI3)*
Benzaldehydes
Hb - -- 0
5-NO;, 0 0 0
3-N02 11.4 2.9 1.6
5-Br 0 0 0
3-Br 1 1 1
3,5-dlBr 7.1 2.3 0.9
3,5-diCI 6.8 2.1 0.7
3,5-dll 7.4 2.6 1.2
3-Ph 0.4 0.24 0.1
3-CH, 0.6 .. 1.0
integration of m ethine proton
a. K = ---------------------------------- --------  : ±  0.1
integration of aldehyde proton
b. Dewhurst, 1979.
Some general comments can be made about the equilibrium 
constants K in Table 14. For a given solvent, the 
unsubstituted and 5-substituted 2-(2-hydroxyethoxy)- 
benzaldehydes do not show any ring-chain tautomerism. All 
compounds with a substitutent in the 3-position exist as a
188
ring-chain tautomeric mixture in solution, K varying from 
0.1 to 11.4. In a given solvent, the ring-chain tautomeric 
equilibrium shifts as the 3-substituent changes.
The observed change in the tautomeric equilibrium can 
not be due to the electronic nature of the 3-substituent. If 
that were so, the 5-bromo and 5-nitro substituted benzalde­
hydes should exist as ring-chain tautomers, as do the 3- 
nitro and 3-bromo compounds. This is substantiated in the 
Figures 5 and 6 . These are plots of either sigma induc­
tive,107 or sigma meta10 8 '109 versus % ring tautomer, where
X
% ring tautomer = (--------------) 100
X + Y
X = integration of methine proton 
Y = integration of aldehyde proton
It is observed that the points are widely scattered in both
cases. These results suggest that the aromatic substituent
in the 3-position may be influencing the equilibrium by a
proximity effect and definitely not by an electronic effect.
In Table 14 it is observed that as the size of the 3- 
substituent increases from bromo to nitro, for example, the 
equilibrium constants increase. It is known in five- 
membered ring-chain tautomeric systems, but not in a seven- 
membered system, that introduction of substituents into the
3- and/or 6-positions results in shifting the equilibrium 
toward the ring tautomer.33”37 This effect, attributed to 
steric strain, has been termed "support" or steric
189
assistance effect.33 The 3- and 6-positions are defined as 
the ortho-positions to the interacting groups in positions 1 
and 2 .
This possible steric effect in the ethylenoxy series 
has been tested by comparing the size of the 3-substituent 
with the positions of the the ring-chain equilibrium. The 
steric parameter Y defined by Charton110 is based on the van 
der Waals radii of the substituents and is an approach which 
is directed toward defining the true steric effect of a 
substituent, devoid of any polar effects. The steric 
parameter as defined is shown in the following equation;
Vx * Rvx " rVH = RVX - 1‘20
where Ryx is the van der Waals radius of the X group, and 
Ryi! is the van der Waals radius of the hydrogen atom. The 
V-values of the methyl, chloro, phenyl, bromo, iodo and 
nitro groups are 0.52, 0.55, 0.57, 0.65, 0.78 and 1.39, 
respectively,110•111 which, interestingly, increase as K 
increases in the 3- and 3,5-substituted compounds.
The 3- and 3,5-substituted 2-(2-hydroxyethoxy)-benzal­
dehydes are plotted as % ring tautomer versus V in 
chloroform-d, acetonitrile-d3 and dimethyl sulfoxide-dg as 
shown in Figures 7-9. Although the points are still 
scattered, as indicated by the correlation coefficients, it 
is observed by the general slope of the line that as the
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size of the substituent increases the % ring tautomer 
increases. Examination of the plots in Figures 8 and 9 
suggests that the 3,5-halo compounds are different from the
3-substituted compounds. The two sets were plotted 
separately, and a t-test of the slopes was performed112 (£ *» 
30.22 with 3 degrees of freedom, F^ 3  = 1*56). At the 95% 
confidence interval the data for 3- and 3,5- compounds are 
deemed to be sufficiently distinct to justify separate 
plots.
Figures 10, 11 and 12 are plots of only the 3-substi- 
tuted benzaldehydes in dimethyl sulfoxide-d6, acetonitrile- 
d3 and chloroform-d, respectively. An excellent correlation 
exists between the % ring tautomer and V for 3-substituted 
compounds in dimethyl sulfoxide-dg. This correlation 
indicates that as the size of the substituent increases from 
phenyl to nitro, the equilibrium shifts toward the ring 
tautomer. This suggests that the size of the substituent in 
the 3-position enhances the ring-chain equilibrium and that 
the shift in the equilibrium is due to a steric effect of 
the substituent in the 3-position, which presumably 
interacts with the 2-alkoxy group. This is the first 
instance in which this ortho steric effect has been observed 
in a ring-chain tautomeric system where the ring is larger 
than six. Although the correlation is not excellent between 
the % ring tautomer and Y in Figure 11 for the 3-substituted 
compounds in acetonitrile-d3 , it still indicates that the
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size of the substituent enhances the amount of ring tautomer 
for the 3-substituted compound, indicating a steric effect 
of the 3-substituent. The poorest correlation exists 
between % ring tautomer and V for the 3-substituted 
compounds in chloroform-d (see Figure 12).
The 3,5-dihalosubstituted 2-(2-hydroxyethoxy)-benzal­
dehydes show an excellent linear correlation between % ring 
and in all three solvents as shown in Figure 13. The 
enhancing effect of the second, 5-substituent is suprising 
inasmuch as a 5-bromo substituent alone has no effect in 
leading to ring formation. The increase in K with V is most 
pronounced in chloroform-d and least in dimethyl sulfoxide-
d6 *
It is well known that the position of an equilibrium 
may be controlled by solvation113 Because the polarities of 
the ring and chain tautomers are different, solvation may 
play a role; but clearly in this study the solvent effects 
are not simple. The 3-bromo compound shows no shift in the 
equilibrium with a change in solvent. With the 3-methyl 
compound the equilibrium is shifted slightly toward the 
chain tautomer with increasing solvent polarity, which 
suggests that the chain tautomer is more polar than the ring 
tautomer. With these two exceptions, all the other 
compounds show an increase in ring tautomer as the solvent 
polarity increases from chloroform-d to acetonitrile-d3 to
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dimethyl sulfoxide-dg. On this basis it would appear that 
the ring tautomer is more polar than the chain tautomer.
Differential hydrogen bonding in the ring and chain 
tautomers is another consideration. The fact that the 
hydroxyl proton of [R] is further downfield in the NMR 
spectra than that of the primary hydroxyl proton of [C] is 
consistent with higher acidity of the [R] and its hydrogen 
bonding ability. The hydroxyl protons of [R] and [C] shift 
downfield with increasing solvent polarity, which suggests 
intermolecular, and not intramolecular, hydrogen bonding 
with solvent is occurring, because intramolecular hydrogen 
bonded protons are relatively insensitive to solvent 
changes.70 It is known in five- and six-membered systems 
that the ring-chain tautomeric equilibrium is controlled by 
intermolecular hydrogen bonding with solvent.114 For 
example, the equilibrium is shifted toward the more polar 
and more acidic lactol form of 2-benzoylbenzoic acid with 
increasing solvent polarity.115 Although this role of the 
solvent would explain the increase in the more acidic [R] 
tautomer with solvent polarity, hydrogen bonding interac­
tions with the solvent can not be the only solvent effects 
in force. If so, the 3-methyl and 3-bromo compounds would 
also have shown a shift to the ring tautomer with increasing 
solvent polarity.
The observed equilibria may also be influenced by other 
dipole-dipole interactions. In the case of 3-substituted
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compounds, a larger dipole in the [R] than in the [C] is 
expected to be induced by an electron-withdrawing substi­
tuent in the 3-position (see structure 73a). The same group 
might diminish the dipole in [C], where the two effects 
would tend to compensate each other (see structure 73b).
This would suggest a shift of the equilibrium to the more 
polar [R] with increasing solvent polarity.
On the other hand, an electron-donating group like methyl 
would exert the opposite effect, so that [C], with enhanced 
polarity would be favored as solvent polarity increases (see 
structures 74).
CH




In the case of the 3,5-dihalo compounds, the second 
electon-withdrawing halogen increases the polarity of [R] in 
a synergistic manner with the 3-halogen as illustrated in 
75a, but in [C] the second 5-halogen offsets the effect of 
the 3-halogen as shown in 75b. This could explain the 
relative insensitivity of these compounds to solvent 
effects.
In conclusion, the ring-chain tautomeric equilibria of 
the 3- and 3,5-substituted 2-(2-hydroxyethoxy) -benzaldehydes 
are shifted toward the seven-membered ring tautomer by a 
steric effect and not an electronic effect.































Figure 5 . Plot of %  ring tau tom er v s . sigm a inductive of substitu ted  2-(2-hydroxy- 
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y = 11.1529 + 43.9288X R = 0.75
0.00 0.25 0.50 0.75 1.251.00 1.50 1.75 2.00
V
Figure 7. Plot o f %  ring tau to m er v s . V of 3- a n d  3,5-substituted*2-(2*hydroxyethoxy)- 














y * 15.1233 + 53.9295X R = 0.75
0
0.25 0.75 1.00 1.750.00 0.50 1.25 1 .5 0 2.00
Figure 8 . Plot of %  ring tau tom er v s . V of 3- an d  3.5-substituted-2-(2-hydroxyethoxy)- 











y = 15.7137 + 67.5715X R = 0.74
0.2 1.80.4 0.6 0.8 1.0 1.2 1.4 1 .6 2.0
V
Figure 9. Plot of % ring tautomer vs. V of 3- and 3,5-substituted-2-(2-hydroxyethoxy)- 










y= -7.14559-3 + 66.465X R*2 = 0.969
  I-' I  I----' I-- ' I--1 I-'-- |— i--|— i--1--r-
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Figure 10. Plot of % ring tautomer vs. V of 3-substituted 2-(2-hydroxyethoxy)- 

















y = 0.43779 + 54.425X RA2 = 0.892
0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0













y=7.3385 + 42.782* RA2 = 0.596
■ 3-Ph
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
V
Figure 12. Plot of %  ring tau tom er v s . V of 3-substituted-2-(2-hydroxyethoxy)- 













y = 85.111+ 3.8722* RA2 = 0.981 a DMSO-d6
20 -
•  CD3CNy* 56.964+19549* R*2 = 1.000
y = 9.6383 + 57.669* RA2 = 0.999 B CDCI3
0.0 0.2 0.4 0.6 0.8 1.0
V
Figure 13. Plot of % ring tautomer vs. V of 3,5-dihak>substituted-2-(2-hydroxyethoxy)-benzaldehydes.
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